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TTREATISE 

RIGONOMETRY 



Plane and SphbricaL| 

It HEOR.ETlCALandPllACTlCAL 

[In which the fcveral Cares of Plane and Sjfif* 
rical Triangles ace fahftd, hfirummaU^ 
and ArHhmtticalfy. 

Aslikcwifea TREATISE 

Q P 

Stbreographick and Orthocraphicc 
Projeftion oi the S p h a a. b, 

|{n which the Frineifks and Tbeonmf on whi^h th«. 
depend, are clearly Demonftnted, and the Pradic 
naturally deduced from tho& Demonftralions* 
lullrated in the Stereographick ProjeftioD of the fere 
ral Cafes in Right and oblique Angled, Spherica: 
Triangles t So that the Requifites may be toon 
without Calculation, by Scak and Compais. 
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UxflMatlon of the Symbols us^d 
- this TreMtife. 

r Addition*. 
9u6c A^fS «r #i&lr Xffkrtfue cfite iwo P0 

f/^x between which *tis fl4u*d. 
Tfce biflference */ tm ^antities when it is 

not huwn in whicb^tbe Bxxtfi lUt, 
MultipHcation. 
Majority, or greater than 

(Minoriq?^ cr lejfer than. 
EquaKty. 

1-Radicality, of S^4re R;ct 
Rcdangte, or 'Prodi4&. 
lladtus 

4 Co-iine. 

1S*6Ciint* 
Co.fecaht. 
Tangent, 
Cortangent, 
Verfed-line 

Verfed-fine of the ^Sigpphment 

Ri§^t<angle. 

Sum of the Z^s 

Difference oftSe Legs* 
I ^Stttn «/ the Afigle$. 
^Di/£irence of the Angles^ 
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Capt. Edm. Halley^ 

• ft 

Fellow of the Roy a l Society, ^c'. 
SIR, 

TH I S Treatife of rr«o- 
ttometry and Sfereth 
grafhick VrojeHion is hum- 
bly Dedicated to You ; I 
being glad of this Oppor- 
tunity of more Publickly 
Teftifying the Refpe(2 I 
bear to You, and my Obli- 
gations for the Kindneflcs^ 
conferrM by You upon ' '' 

Tour Humble ani 
Obli£d Servant 

S A M. H E Y N E S, 



TO THE 

R E A D E R. 

THif Treatife is 4C€9mmod^d betb to the TbeoretUk 
mid Prauiek Reader ; Pra&ical TmUife m^, 
would never fleaft tbe former^ nor a Thearick the Utter. 

In order to tbe former End Ibave made ufeoftbe moft 
Concife and Elegant Demonflratimu Icouldnnd/mdpar^ 
tieuiartyfrom tbat incMrtfarabh Treatife of Trhonomehy^ 
Written h tbe learned Mr. Cafwell, J. M. tfOxford. 

And tbat I migbt anfvfcr tbe latter End tbe hetter^ I 
bavegiventbe aShtal Solutions of tbe f ever al Cafes botb 
' of Plane and Spberieal TriaMko $n NumberSy Natural 
and JrHficidl^ and tikewfe Ij tbe Gunter^s Scale ; and 
have taken great care tbat the fever alDifcBums to pra^ 
Biee Jbouldbe fi plain and eaff^ tbat tbey migbt be made 
ufe ofefe^ally by Perfons tbat are net fo well grounded 
as yet in Geometry, &c. as to un^erfland tbe Demoor 
^flratims. 

4s to tbe other Treatife of Sterographick Projetffa'on 
of the Sphere, which is a Branch of PerfpeSive ; / bate 
J?emonfirated tbe Principles ana Theorems on robicb 
it depends^ and from tbofe Theorems have jhero*k tba 
reafon of the fever al Methds made ufe of ifi PraBicCy 
making thereby tbePfofeSionoftbe Sphere upon tb^ Plane 
of any great Circle to become eafy^ andlikeroife the Men-r 
fufotion of any ^re fo ProjeSed* 

And laflliy I bdve Jhero^dyou bom to ProjsB tbe fever al 
Cafes of Sfierical Triangles both Rjgbt and QblifuOi the 
Reafons of all robicb Precepts naturally flovomg from Pre^ 
ceeding Propofitions : There bath been nothing wrote in 
^ngViihy giving fo full Accouo^t of this Mattery which if 
ffumbly Submitted to tbe judicious Reader. By 
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SOME FEW 

Geometrical Problems, 

l^eeejfary to he knotvn in Order to fuU the 
Reqatfitesof Right aad OUifMe Triangles, 
bj a Scale of EqMol Parts, «m< a Line 
of Chords. 

^ 

PROBLEM I. 

Frm a Prim in a Um gtviu, to mB m 

Piifett4icular. 

LET thcLipe gtycnbe ab. and the Point gi« 
ven e^ take two Points c, d^ equally 
diftant from ei Then putting the Ftate I. 
Foot oi your Compaifet inc and d^ Fig^, I. 
open*d to any diftance greater than € e, and 
ftrike two Arches cutting one another inf. Then 
draw the Line /«, it ihall be the Perpendicular le- 

'*'*"'^ PR OB. 11. 

To Mvi^i a given Right4iui' into two 

equal Parts. 

Let the Line given be « 6; upon the Point a, with, 
your Compafles open*d to any Diftanoe grea- 
ter than half the Line ah, defcrbie the Arch Plate J. 
c d ; then putting the Foot of your CdftpafTca /(f. JL 

in the Point b. and with the fcme opening de- 

- . fcribe 



•CO 

an Arcb cutting tbe other In c and ^ the Line ed 
flMUhiflea. the Line given ine. 

PROB« IIL 

« 

Prim a P^t liven vskbout to let folia Perfeif 

Heularto a ^' — ~'— 




9. 

Let tlie Point given be ^» and the Line given aBi 
put oae Foot of your Compares in^, and 
IHafeh with any DiAance, greater than the neareft 
Ffg. IIL DiftAffiee of that Point from the Line given, 
crofs tbe Line given in the Points e and i; then 
putting the Foot of your Compaffes on the Points c and 
'€^ vritfa the 6tne opening of your Compa&sdeCcribetwo 
Arches cutting one another in/, a Rubr being kid to g 
and^ draw the Line^ &, it ihall be tbe Perpendicular 
xefi^d* 

PR OB. IV. 

From tbe enioj a Line given, to ereB a 
Perfendi^ular. 

1. Upon tbe Point h with your Compa^Tes open'd to 

any pilUnce h c^ defcribe the Arch e de^ then 
pUUeL yovLt Cooipaffes at this opening will reach 
Figi 1 Y» from c to" J, and from d to e, upon the Points 

d and r, and vnth the Tame opening of your 
Compaffes delbribe two Arches cutting one another in 
/s fb ihaU be tbe Perpendicular. 

2. Your Compaifcs bei^ig openM at any Diftance, 

put one Foot in by and the other any where 
timte f. in r, then turn about the Foot that was in *, 
i%. V. till it crofs the Line a h given in i, draw the 

Line i efy fo that cfzzc d^ then isfb a Peif« 
p^naicuhr. 

PROB. 



PROB. V. 

Hr$m m Pmtt^ givm t§ dnm m PanM 



Let the Point given be r, and tbe Line given €b: 
From the Point r k a Center, ibike an Axtk 
cactiog the jircn Line mh in m^ then take I9sH C* 
me i&yoorCompaffei^ and putting. one Foiot Fig* VL 
any where in the Line at'j fuppofe in i, 
with the other defcribe an Aicb, tnen take a bio jour 
Compoiies and putting one Foot in e^ with the other 
cuttoe former Arch in i, a Line drawn thro' r and tf 
is P^ntUei to the Lhie -given. 

PROB. VI. 

With a Une given a b^ to make am Aiigk ef 4aq 
Number »j Digrees given, Sufpofe 4$ Oegreei. 

Open your Compaflet to 60 irj« of your Line of 
Chords (160 deg* of the Chords hein£ equal 
to the Radius of that Circle, the Chords PhUe h 
were deiSgn'd to nieafure) and putting one Fig. VIL 
(Foot in a, with the other defcribe the Arch 
e d ; then take 45 deg. from your Scale of Chords, and 
|>at it from r toe in the Arch,draw the Line« r, and 'tis 
done. 

Hence an Angle being already made, you may xnea* 
fure itsQtiandty by taking r e in your Com^paSeh and 
applying it to yottr Line of Chords stod it ftews you the 
Number o(deg. in that Arch that istheMeaiuro oi the 
Afigle* 
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prob. vir. 

I'ihw SJes liven t$ make a Triangh. 

l«t the Sides gireo be tf, ^ and r, with which it is le^ 
qair'd comaker Triangle, make « ^zzthc Mdc «, then 
Uking the Side ^' in your Compares,' with 
^$r;« **** ^^^ "* "• dcfcribc an Arch, and with the 
Fig ylll. Diflanee c patting any Foot in *,cut the former 
Arch in Cy then drawing «r and ^<r and *tis 
done. 

PROB. VIII. 
?• hivg mij three Pomts not fituate in a Right- 
tine^ into the Circumference of a Circle 

L«t the three points given be a ^ ^, take above half 
the DKbnce between a and ^ in the Com* 
tlae I. pa^S| then placing one Foot of your CDn-«« 
•f^.IX. pafles in <», with the faid Diftance defcribe 
^ the Arch e d^ wittf the ^ixnc Diftance and 
one Foot in b defcribe the Arch ei£, cutting the former 
in e and d^ and draw the Line t d : Then taking above 
half tlie Diftance between ^, Cy and one Foot being 
placed in c dcicribe the Arch /, g^ and ivith the fame 
Dilbuice, one Foot being placed in the Point b^ croft 
^he former Arch in the Points/ and g^ and draw the 
Line/^j now where the two Right-lines ie and fg^ 
Intcrfea each other (t;/^, in the Point b) is the Center 
of the Circle^ which was required. 

D E F I N I 7 I O N S. 

I' A Cijrcle is fuppos'd to bedlvded into 36oe^uaI 
XjL ^*''? <=*^i'<* Degrees, and each Degree into 
60 Farts call'd Minutes, and each Minute into 
^lateh 60 Parts call'd Seconds, C5r. any Portion of 
Fig* X. which Circumference iscall'dan Arch, and is 
Meafor'd by the Number of Degrees, itconUiiis. 

2, A Chord is a Right-line joy ning the Extremities of 
an Arch, as AC is the Chord of the Arches ABC, 
ADC, 3. A 



(i) 



9. A Righ^fil» is a RigMtne drawn f roiii otit end 
of an Areh« Perpendicalar to that DSameter paffiflg 
thro' the other end ; or it is half the Chord ot twice 
tbc Afd)» AE is the R.ight-fine of the Arches AB, ADi 
and heip'tts'evidenCp that the Sine of 90 ier;. (which 
is e<|aai to the Radius or Semi&neter of the' Circle) 
is thegreatefi of all Siaes, the Sine of an Arch greater 
th:ift a Quadrant, bdsg fc(s than the Radius. 

4. A Verfed-fine is the Segment of the Diameter in- 
tercepted between the Arch and ifs Kghtiule, EE fil 
the Verred--fine oi the Arch AB^ and £D of the Arch 
AD. 

5- A Tangent of an Arch is a Right line drawn Per^ 
pendicttlar to the end of a Diameter, paffing thro* one 
end of an Arch, and its Length is limttod by a Right- 
line drawn from the Center thro* the other end of tho 
Arch, and this Line is called theSecanc ; thus 6M is the 
Tangent and FM theSecantof the Arches AB, AD^ 

6. The Diflerenceof an Arch from a Quadrant, whe« 
ther it be greater or lefs is catfd its Complemant^ GA 
is the Complement of the Arches AB, AD ; HA is (be 
Siw of that Complement or Co-fine, GI the Tangent 
of that Complement, or Co-tangent, FI the Secant of 
that Complement or Co-fecant. 

m 

7. The Difference of an Arch from a Semi«circle is 
caii'd it9.Supplunent. " 

8. That Part oFtheRadius which is betwiit thcCen- • 
terand Right-fine is= to the Co-fine, F1S=HA. 

^» If an Arch he greater or leiler than a Qyadrahe 

C Slim ^ ^ 

the 2 j^.^ > of the Radius and Co-fine is equal to the 

Verfed-fine. Thefe things will be farther illuftrated 
by the following Figute. 

B In 



In a Triangle are fix Parts, vi>. three fidet and three 
Ai^peift aajf three of vthieh bctog given (except the 
three Angks of a Plane Triangle) the other three may 
be found, either Mtcbmnc^lfy by the help of a Scale of 
ejioal Parts and Line of Chords^ or by an Jritbmetsck 
Calculation (i^fuppofing tbe'Radlus divided into any 
Number of equal Parts we knOw how many of thofe 
equal Parts are in the Sv ?, Taiu^ent, or Secant of any 
Ajrch propos'd) the Art of inferring which is call'd 
Trigonometry^ and i. - -r Plane or SphaericaL 

Ibi lakh tf Natural Stnts, Tangents^ 8cc. 

may h tbm made. 

!• AE the Sine of r \rchbeing given to find its 
Co-fiae HA, • 

F Af = AEf + FE^, the refore ^ FAf — AE^ 

ssFE-HA, or V'ltf - Sf =2 . ' 

% AE the Sine of an Arch being given, to find BN 
the Sine of half the Arch* 

F E the Co-fine is known by T the firft) and con(c- 

quently EB;then ^A^j[[E55=AB, and half AB 

b:BN, i. e. half y^Sf - Vf =:S half Arch. 



3. EN the Sice of an Arch being given, to find A£ 
the Sine of twice that Arch* 

FN the Co-fine is ('known by the firft; and the Tri- 
angles FBN, ABE are fimilar 5 therefore FB, FN : : 
AB. A£, i*(*R*!S : : 2S.S 2 Arch* 

4. 00 and x?y the Sines of two Arches y8D>x0 being 
given ) to find xp the Sioe of the Sum of the Arches. 

The 
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The Coftiies FO. FP ^re known (fer firft) then F $• 
F P : ifio.Fr. and the Triangles/ Px{^ MX^p mF} 
ofiW are Similar, therefore F fi. F : : x P. xjr. then 

FtfXxP^-FPx^tf 
xjr-[-P rz;x ys ■ ■ that is tfao 

F/S 
Sineaf the one Arch into the others Co-fine^ Sihe of 
the other Arch into the Co-fine of the £rft Arch, and 
this Sum divided by the Radius=:S of the Sum of two 
Arches ; and if the Sines of the lame two Arches were gi- 
vet^ and it were re<|uir'd to find the Sine o( their Di^ 

FtfxxP*^ F Px/8'0 
ferenee,it would be ■■ ■ 1 a ■ ■ 1 1 — S« of the 

R 
difference of two Arches. 

5. Suppofc the Arph L, 4 n, 30 deg. and ah rz^b^ 
and 6 6> the Sine of b L, and ^ K its Co-fine, al(b b d 
the Sine of ^ I, ard b t ics Co-fine ;draw F4 cutting 
bbings then 4^ Af (4 ^ ^, J) = ^ ^ frz^^fT^ *,f ; 
therefore ? ^ A, f = ^ e, ^, and ghx^ izzb e, that is 
^di&x 1.732050807=:^^ J and iai-Wii 1.732050807 
z: ^ </, i. ^. the Sine of an Arch lefs than 30 icg, ad- 
ding v^ 3 X S of the defefly makes the Sine of an Arch as 
much exceeding 30 deg^ therefore if the Sines of' all 
Arches lefs than 30 deg, be known, the reft as far as 
60 deg. may be had by pne Addition, and a Multiplica- 
tion into the Root of 3. 

6. The Triangles^ bf and btb- are Similar, but tho 
Angle bjgzzg PLn; 30 dsg, therefore the Angle b b e 
r=: 30 deg, and. fuppofing a Circle on the Center g^ 
defcfibed through b e b^ bt the Chord of 60 will be e* 
qual to ^^ the K^adius, therefore, r h -|- *^— K by i. e. 
the Sine o{ any Arch 3D lefs than 66 dfg, adding the . 
Sine of the Defe^ b a, make Kb the Sine of an Arch as 
much exceeding 60 deg. • 

Confcquently, the ilines of all Arches lels than 60 deg^ 

B 2 king^ 
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. being known, the reft to 90 ieg* nay be found by one 
AdtUtian* For InCUnoe. 

i^ff Application ofvsbat has hen faid, to tie 
aSlual making the afore/aid Table. 

The Radius is equal to the Chord of 60 deg^ and I 
€1=5, 50, then hy the Second aic known the Sines of 
the half Arches, 

deg. 9 V '^ iy V 

15 00 00 00 00 00 

7 30 00 00 OQ 00 

3 45 CO 00 00 00 

I 52 30 00 00 00 

56 15 00 00 00 

28 07 30 OD 00 

•14 03 43 00 oo- 

07 01 52 30 00 

03 30 56 1$ 00 
01 45 28 07 30 

52 44 03 45 

So that by 1 2Divifions we come toSines, which have 
the, fame fcnfible Proportion as their Arches, for the 
laft Sine fave one, is double of the lad Sine to all Senfe, 
as one Arch is double of^the other. 

Now the Number of Minutes in 30 deg» is 180Q, 

and 52. 44. 03. 45. is contained in 1890 Minutes 204S 
times, therefore i, x 1800 zz 2048 x 52. 44. 03, 45. 
therefore i8oc. 2048 : : Arch 52. 44* oj, 45. Arch 

i c ^ "' ^^ ^ c ' 

I s :S, 52, 44. 03. 45. Si. 

And 
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And thus by a eontiaued Sfleftion of Arches, the 
Sice «f one MiMtte hewg had (by tbe i) is found the 
Sine of two Minutes^ then (by the 4) the Sine of three 
Minutes, and fo to 30 deg. then (by the 5) to 60 deg. 
and (by the 6) the reft to 90 Jeg. 

Having found the Sinei^ the Tangents and Secants 
may be found by the following Proportions. 

PE. FB : : EA. BM7 
FE. FB : r FA. FM>thatii 
BM. BF : : F& QI ^ 

L EM I 

I V X RnSf { Archil S Arch x T | Arch. 
i.EB.BN : : AB.FB::(| AB.JBN.|FB. 

i' e. V.S.4 Arch : : S. ^ Arch i R. therefore 
|VR=:Sff Arch. 

2. ; AE. BN : : AE. AB|: : BN. Ba, therefore f AE 
*BA=Sf I Arch=2 |S Arch xTf Arch. 

L E M. 11- . 

i Rv =2 f 1 Arch=: IS Arch xt I Arch. 

1. \ ED. FN ; :(ED. AD: : AE. AB : OFN-FB, 
thereftjre ; EDx FBc=: FNf, that is ; Rv = g ^ ; 

Arch. 

2. FG. Gz : : AE. ED, thereforef AEx G2=:; 
ED X F G=: FNf .==:'. S Arch x t I Arch. 

L E M. IIL 

Jie Tangents of two j^rches A atid B, art reciprocally 
propottknal to their Co tangents. 
fcr T,A. ^ : : R. 7,A. 
and T, B. K : : R. t,B. 

therefore T, A. xt A=T, BxrB 
therefore T, A. T,B: :tB. tA 

V L E M. 



( lo ) 
LEW* IV, 

Tie Qo-fimi oftm Arches A and B, ^re rettffdcalh pro- 

fortmsl U their Seeants 

S A. R 8 : R. /. A 
2 B-R::R.y:B. 

therefore^ A«/A = SB»y;B 
thctcforcg A 2 B ::/, B /; A. 

Plane and Spbaerical Trigonometry are folded by the 
help of four Fundamental Propofitions calFd Azionn* 

A X I O M I. 

For Ptam Trigonometrf, 

In a Right angled Triangle, if one Leg of the 
Right-angle, be made the Radius of a Circle^ then 
Ihall the other Leg be the Tangent of the Angle oppo* 
iite to ity ^d the Hypothenufe (or fide oppofite to the 
Right angle) its Secant. 

But if the Hypothenufe be madethe Radius of a Circle, 
then ivijl the Leg« (or Sides including the Right-angle) 
be the 5ines of the Angles oppofite, which will he 
evident by the Figure, 

Upon this Aadorh depends the Solution of the 7 Cafes 
of Right-angled Triangles. 

And in the followirg Proportions, I fuppofe that two 
Lines eftimated in {)arts of any Meafure. 

Plate, II, For Example^ ia parts of the Table, are 
Fig* I Proportional te thcmfelves reckon'd accord- 
ing to any other Meafure ; fo A B reckon'd as 
Radius, of parts 100000, is to BC the Tangent of 
the Angle A 30 i^^. of Tabular parts 57"'i5', fo the fame 
AB of 113 Feet, to BC 123 Feet almoft. , 

Note, That |he three AngUscf a Triangle make 2 L 
or J 80^^. and therefore in a Right-angled Triangle, 

ore 
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ojie of the Acute Angles is the CompfemenI of the •• 
9 ther to 90 Jeg. oonl^iieotljf one being fjiwen^ the other 
it known ; and in tn Oblique angled Triangle, two 
Angles being giren ; the third is alio known as being 
the Suppliment or Refidue of the Sntn of the other 
f two, to iSo ieg. 

For the more eiCy makirg the Proportions for the 
Solutions of Right-angled Trianglet. 

' Obferve, That as difiercnt ^ides are made Radios 
fo the other Sides acquire different Names : Which 
Names are either Sines, Tangents or Secants, And arc 

to be taken out of your Table. 

To find a Side, any Side may be made Radius. 

Then fay. 
As the Name of the Side given. 

Is to the Name of the Side requii^d. 
So is the Side given, 

To the Side required* 
3ut to find an Angle, otic of the given Sides muft be 

iiiade Radius 

Then, 
As the Side made Radius, 

Is to the other Side : 
So is the name of the firft Side, 

(Which is Rad.^ to the Name of the fecond Side. '• 

Which fourth Proportional muft be found an.ong(l 
the Sines or Tai^ents, &c. tobedeterminM by the Side 
made Radius and againft it is the Angle required. 
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AB 
Ak 

C 



AB 

Aft 

C 



AB 



iReq^ 



EC 



PrQpotitions. 



4^ A* Jf A 

R. T,A : 

T A. R : 



AB. BCAC 
A B. B C AB 
AB. BCbC 



RaHT 



■••* 



AC 



A& 



2 A. R : : A B. A C 
R/, A : : AB. AC 
r A< 0' A :. : A B. A C 



BCf C 



AB 
BC 



lAB 
AC 



AB 
AC 



AC 
A 
C 



A B. BC: : R. T,A 

Complement is C. 
B C. A B : : R. T, C 

Complement is A. 



AC 
AB 
BC 



AC 



A8c 
C 



A B. B C : : R. t, A 

tbep, 

g A. R: . AB. AC 
or v' ! A Bf -f-B C^— AC 

A C. A B : : R. S A 
A B. A C : : R. /. A 



BC 



AB 



^— ■ 



AB 
BC 



AB 
AC 



AC 
AB 



1 % ■' ' 

AC 
AB 



A C AB : : R. ^ A 

then, 
R. T, A:.AB, BC 
or -/: A Cf— A B^r: BC . 

R. IS, a'* : : AC. ABlAC 
/, A. R : : A C. A B AB 
|<r A. T A : : A C. A B BC 
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iXAMt LBS. 



.fi.6odeg. )jf 



Cafe I. given Ab. S^fMt 

X, 



t. Oeometricdllj i»ftb Stale andOmpaffiu 

From a Scale of equal Parts lay down the Line AB s: 
^6i Enet the Perpendicular tbefeio BC> at 
the Point A make the Angle B AGs 90 J0g. Plate IL 
produce the Line AC till it meet the Per- Fig. U. 
pendicular BC in t^ and the Triaqgle is de- 
termin'd, and the Line BC being Meafur'd hy the iame 
Scale bj which you Plotted, AB will give its length, 

3. By the Table of Natural Sines^ Ta^^ats, &cw 

R. T, A : : A j(, BC% 

(ix,) lOOOOOOC. 5773503 : : 56. , 

34641018 
28867515 



3 2. 3316168 that h z^.^r^6^ *c. 

=BC. 
which is found by Multiplying the sd and 3d Terms in6 
one another, and dividing the Produft by the Mk* 

To avoid Prolixity I ihall ft {ve no more Solutions by 
the Table of Natural Sines^ &e. 

3« By the Canon ofjrtificial Sinetf ftc. and Logarttbm 

Numb&$ 

'RUtBw 

Add the Logarithms of the 2d and 3d Term togefiher, 
froth thaV Sum Subtrat^ the Logarithm of the firA 
Tefni, tb^ remainder ihall be the Logarithm of the 
4th''T^m required. 

C By. 



Br LOGARITHMS. 

T. 30 Jeg. 9. 7614194 
56* 1. 7481880 

' Sum IX. 5096274 
Sttbt^Rad. iaocx)oooo 

Rem. I. {096374tbe Logaritbni of 31. 33=:BC 

Cafe 24 given AB= $6 ^^/7 

Zy ^« 30 !&/. >To find AC 
L|B* iodeg. 3 

!• Qeametritaliy, 

TldteU. The Triangle being Conftnt^d as be* 
1/^. III. fore, Meafare AC by the Scale yott Plotted 
AB by, and you have its Length. 

2. By Logarithms. 

a!A.R::A6. AC 

R. if).ooocx)Oo 
AB. 1.7 481880 

Sum. It* 7481880 
Subt.)gA. 9*9353204 

Ren^. 1.81*28676 the. Logarithm of 64.99s AC 
Cafe 3. given ^B =60 |p,^^ ^ ^^ j.^" ^ ^ ^ 

!• GeometruaJJy 

Draw the Line AB, and put 60 parts, from A to B 

upon the Point B, let there be the Per- 

T^Wtf !!• pendicular Erefted BC, lay off 3 5 parts from B 

FrgAW, to C, then dr.aw the Line AC, and Mca- 

fure the Angles A and C ^r the Line of 

Chords 2 JW 



Ci5) 

AB. BC: ;ItT»A. 

EC. H44o6to 
R. IO.OO0O00O 



Sam. 11*5440680 
Subt. AB. 1.7781512 

Rem. 9.7659168 which it the Log^rilhtt Tao* 
gent of 90 deg. 15 muh the Angle, the Complement of 
which 5945 If the Angle C 

Cafe 4. given AB=6o ^^^ ^ ^ j j^f. 

i« Oiomitrudlty* 

The Triangle beiiig Omfinifted, u in the 
former OlCs, Meafure AC by joar Scale of Hsie II. 
equal part% and 'tis done;» Fig. V • 

2* By LogarHhmu 

Find by the Laft Cafe the Angle A. 
Then by the fecond Ca(e find AC* 

Cafe 5. given Jg^J^ Jparts, to find A and & 

I. Geometrically. 

Draw the Line AB patting thereon 80 parts from A 
to B, upon the Point B to the Line 'A B eicft 
the Perpendicular BC, open your Com- Flatell. 
paiTes, to the diftance of 100 equal parts, and %. Vl. 
putting one Foot in A» with the other cro6 
the Line BC in C, then draw AC, and Meafure the 
Angles A and C by your Line of Chords. 

C 2 2* *' 



K 10 J 

AB» i«9O309oo 
R« fcxocx)ooQo 

Sam 1K9030900 
SubcAC. ^.0000000 

t««. P.90J0900 tie Logarithm 
^■une ur i6 dt;g. ^t miif. 

Cafe 6. giren A Br:8o ? ^ . 

A C=: roo 1 W'*^ To find BC. 

1. GumetritdUf 
*/?VlI. laft, therefore Jdeafuic »C b> wur Sale 

2. J3y Zegaritbmt. 
By the Uft Cafe find the Aogic A ; 

Cafe 7. given A €=50 parts 7 

•£^=35%. >TofindAB. 

I. Gemefricallju 
Praw the Indeterminatp RighMiBc A B, at any poiit 

'«. Vill, to e frpn, c let fall the perpendicular CB 
\T„f ,j u ■ t"* A 6, cutting A B in B. AB 



(I?) 

. <• fy Zegaritbms, - * 

«. R.aA::ACAB 

SA. 9-9133645 
AC* 1*6919700 

Sum. 11.6123345 
Siiht R« iQiOOooooo 

Rem* i«6i23345 the Logarithm of 40.95 ptrts 

Note, all thcfe Calb may eafily be workt bj the 
Gunters Scale, whereon is a Line of Logarithm Niun- 
« UrSf (xgarithm Sines, aod Logarithm- Xaogeoti. 

RULE. 

Extend your Compaflef on this Ruk from the firft 
Term to the fecond Term in the Prc^rtion, and the 
fame extent will teaefa from the third Teim to the 
fourth Term required* 

Only obferyethat if your fecond Term be J fff^^ \ 

tBcn the firft, the fourth Term mufl be J 8"«»^» | 

then the third, and therefore when your CompafTet 
are placed on the third Term, exteod them that way 
the Number muft.be greater or kfs as this Rule direte^ 

JSxamfJe m tbc uCib 

Where the Proportion is R. T,A : ; AB. BC. 
Extend your Compalfes from the Radius of the Tan- 
gents (which is the Tangent of 4^ de^,) to the Tangent 
. of the Angle A, ^f. 26 deg* the fame Extent of the 
Coaapaifes will reach from the third Xqrm AB;3 56 
farts^ to 32# J 3 jp«r$jr—BC. required, 

JFjcj-Mafl/g 



(i9) 

Example in tbe 2 Ctfe. 
The Proportion is S A. R : t AR AC. 
Extend your Compaflw from the Confine of A, wKch 
is tbe Sine of 60 deg to the Radius of the Sioes (which 
is tbe Sine of 90 deg.) the fame £xCeiit wilT reach from 
the third Term AB 56 parts^ to tlie fourth Torm AC 
zz6A* 99 farts. 
After the (ame way you may work them all b> your 
Gttoter's Scale. ' 

AXIOM II. 

Of Oblige Plane Triangles. 

In any Triangle, the Sides are Proportional to the 
Sines of the Angles oppofite* 

D B MO NSTRjITiojir^ 

Produce the IcfTcr Side A B to.F, making A FrrBC, 
let fall^the Perpendiculars F E, B D upon 
flafe in. the Side AC produced' if need be, then 
FigXindlL will FE be the Sine of the Angle A, and 
B D the Sine of ihc Angle C to the Ra- 
dius B C= AF. Now tbe Triangles A B D, A F E are 
Similar; therefore AF (BC) AB : : FE.BD that is 
:: Si A.S.C,Q.E.D. 

Otherwife thus, A B, R : .• BD. ^ A 
and B C. R : : BD. S, C 



»M 



therefore AB x S, A=:B C x S> C 
therefore AB EC : ; S, C. S, A Q. E. D. 

A X I O M IIL 

The Sum of the Legs of an Angle is to their dif- 
ference, as the Tangent off tbe Sum of the Angle op- 
Pofitc to thofe Legs, to the Tangent of half their Dit- 
icrencc; . 



N 




. '. 



( I?) 

DEMONS TRATION. 

In the T riangk ABC, nuke BD=B A, and dnw 
Che Line A D» let faU the Pferpcndicular B F 
upon the Line A D, which will biflea A D Pl4iellh 
in F, draw F E Parallel to A C, whieh will Fig. UK 
bijOTca D Ct the difference of the Legs 
in E, the Angle B A F is | the Sum of the Angles B AC 
and C, ind F A G | their difference, now if A F be 
Radius, B F will be the Tangent of f the Sum, & F G 
ofthef Oifierence. Now the Triangle BGC is cut 
ProportionaUy by the Line F £• 

therefore BE. £C::BF»FG. 
or 2B£ 2EC: :BF. FG. 

That is, 

As the Sum of the 2 Sides to their diflerenoe^ 
So is the Tangent of i the Sum of the Angles op- 

(pofitt to thofe Sides^ 
To the Tangent of | their difference. 
Q;E.D. 

Or thus, 

Upon B with the diftance B C defcribe the Circk 
BC ED, Produce A B to £ and D, and C A to G, draw 
I> C, and A F Parallel to D C, draw likewife C £• 

'Tis plain that A E is the Sum of the 2 Sides aB> 
B C, and A D, their difference, the Ansle 
B A F is i the Sum of the Angles oppobte Plate UU 
to thofe Sides, apd the Angle F A C i their Fig* IV. 
differenqe. 

Now the Angle D C E in a Semt-cTrcleJs Right = 
AFC, and therefore if A F be Radius, F £ will be the 
Tangent of the f Sum of the Angles, and F C the 
Tangent of the \ difference. 

Now the Triangle £ D C is ^cut ProportionaMy V 
the Line A F. Therefore AE. AD : : EF« F C Q:^ D. 

P R O B. 



PROB* 

ttwriwttainfc^ABgfej BAC, aitdBCA: ttbich isof 
firevwptufciB-«^«OW»;i«: , wmcn hot 

RULE. 

As the lefir Leg A B. to the greater B C : f & i» R*- 
ditts to the Tangent of an Arch j from which takeaway 
45 degrees.. 

Then as Rad. to the Tang, of the remaining Arch, 
V > "/- *•* '^'"S- « i the Sum of the Angle* • 
A Md C to the Tangent of | their difference. 

DEMONSTRATION. 

WrfeKI. ^"w BH perpendicular taAB=AB 
Fig. IV. =BI and IK perpendicular to HL 

Then BH. BE:.- R. T, Angle BHE, wbetsee ta- 

king away the Angle BHfca 4:5 Jeg. there will remain 
the Angle IHK. 

^d «. T, IWK : : HT.IK : : AIf(=:m).TK : : AEL E 
i : (by tfatt ^i AiAcm) T,|Zl.L "?• Tf XLLop. Qi E Di 

AXIOM IV. 

Having drawn a Pferpendicular BH'fram an Ansfe 
to Its opppolittr »jfe, the Safe A C Ihall be to the 5um of 
*«e ocfter two fides A Ej as their difference D A i» to 
the diflerence of the Segments of the Bafe GA. 

DEMONSTRATION 

For by the 35 Propofition of tte" third- of ButHd, tRe 

SSr^ A "^aA?' ^ ^ ^ ^'•*' "^ ^^" ^"^*fi'« 
Therefore A C. A E : : D A. G A. Q. E D. 

Tie 
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The Pr^tirUou r far the Solutions oftht 
in Oblique Plane Triangle, 




e6CaJeA 

— 1 



Oivcn Req 



AB 
BC 



A B 
BC 

& 

C 

A 

C 

BC 



FroportioDs. 



A B. B C : : S. C S, A 



A B. B C : • S, C S, A 

^ Hence by Subftra^tion the 
'^ ^ I Apgle B will be known. 
S, A. S,B ; .BC.ACl 



Axi. I Cafe. 



AB 



B 




AB 






A& 


BC 


C 


B 




AR 


AC 


BC 


• 

A 


AB 


BC 


6 


AC 


C 



$, A. S, C::B CA B 



B C+-AB. BC— aB: ; 

T^ZXl oppofite* 
T^X^X, op. then, 
i5^-|X=greater U A 
f Z^|X=:leircr X, C 



>.»>.«. 



■• 



I. find the Angles by thela^l 

then 
S, C. S, B : : A B. A C 

A C. B C-fB A : : B C— 

BA. OC 

thenf AC-l-iOC=nc 

|AC^iOC = DAthen 

A B. A D : : R. ;2 A. & 

CB.DC: : R. 5? C.I 

D 



3 



■ I 



Sxanfkt httht Cafes pf Oi^qtu TriangUt. 

. Draw tbeLlne CA pm du cpi as far *as necdDiry: 
At the Point C make the Angle A C B:s: 
PbUf Iir. 25 %. 30 iwriii. fctoff4o parts from C ti 
fi^. V* B, take 30 parts 10 your Compares froiti 
the' fame Scale, and putting one Point in 
By croft the LijieCA, with the other, which it will do 
in two points A and A. Draw the Lines BA, Ba; 
then the Angles C AB,' C A B. hetng meafured by a 
Line of Ctoids, ' will give the Anfwer. And here 'tis 
manifeft, ttiat the Angle A, in the one Csiic is Obtulk 
in the other' Acute, 

But here Nobe^ ThU if the giv6n Angle be Ob* 
tufe, the Angle required is Acute. But if Acute 

and oppofitd to ^^tf^cT^\^^^^ the 'Angle re! 

(quired is J p^brful}*^ Whether Acute or Ob* 
tufe mnfi he determin'd before the Operafion$, 

7.' To dcrtiiriy tbe €tmm cf ArfificM or 
^ Lcgdrlthmick Sms. 

OBferve, That it^ has %^n demonflrated in the /e- \ 
ro»i AxTomj that, the Sides have fuch Proportion one 
to afiOther, 'as tbe^Sh^s of the^A»g1es oppofite. 

There- 



k 



C«3) 

Tbeitfor^ ftrjt^ 

As the Sine of any one Angfe, 
Is to the ^w of any other An|(le { . 

So is the Side oppofite to the firft Angle - 
Tpthe Sid? oppofice to the leoond ku^ 

As any one Side. 
Is to another Side ; 
So is the Sine of the Angk oppofite to the firft S!d^ 
To the Sine of the Angle oppofite to the iecond 
Side* 
Therefore^ If you would find a Sd^ begin your 
Proportion with the Sine of an Ai^ ; and if 9oo 
would find an Angle, faqj^in with a Side. ' ' 

Aa BC<{S»&S^Aj 
BC !• 6030600 
S,C. 9« 6339844 

Sum. ii.3|6o444 
AB.(kULi. 4771212 

9- 7589«3« 

Caie2.|^ven ABz;3o 7 

BCz=4o >To find A a 

The Conftruaion is already ihewU % PMi HI 
Therefore^ meafure AC, and you have f^. VI. 

D a whai 



what is defirM, that is the greater C A, if A he, aeut^ the 

» leifer if the contrary. 

2. Bf tbe Canm cf l^^arHbm Sines &c» 

• Find the Angle A by the laft Cafe s For Inflance A 
was found, 
3? ^. ^ tiT /Acute, 7 and oonfequently C up. ^8 
144: 585" lObtufeJ ABC= J 9.32 

S,A. S, B::BC. AC. 

S»B. 9*9398 { 96 
w. BC. J.60206QO 



«« 



Sum. II.54IS996 
Subft, S, A. 9.758951^ 

Rem. 1.7829477 6cv 66r:AC if the Angle A 

be Acute, 
S,B. 9.2191164* 
B C» 1*6020600 



Sum. 11.8211764 
Sub&.SyA. 9.7589519 , 

1.0622245 II- 54=AC if A be Obtufe, 

Cafe 3. given BCr::76 ^ 

A=33. 15 i.J* To find A p. 
G=2<5 3 i 

i: Geometrically. 

The Angles. A and C being known, the Angle B muft 

neceifarily be known; vi^* i2od, 42^ 

Tlate IIL Drawiphe LiAeCB, and thereon put 76 pts. 

F^i* VII. from your Scale from C tO;^ B, at the Point C 

mate the Angle BCAs 26. 3' and the An- 



f 
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file C B A = 1 20. 42^ the lines C\ and BA will concur 
in A, and the Triangle is determine, then if )ou nuc- 
furp A B by your Soile, 'tis done. 

» 

!• Bj Logantbmu 
S,A S,C::BC.AB. 

S, C. 9.6426182 
B C 1.8^^0^136 



im» 



Soai. 1 1.52^43 «8 
Sabft. S, A. 9.7390129 

Rem. 1.7844189 tbeLogirtthm of AB.6at7p(it 
Cafe 4. given BC=75 7 ^o find the Angles 

B5:88i.oc/ S ^*^^' 

J, Ceometric€Uf» 

Draw the Line BC and frem your Scale put off 75 
from B to Q then draw the Line B A mak- 
ing the Angle C B A = 88i. 00' and fet Plate \\U 
oflF<;o pts. from B to A, aod draw the Line F/^.VIIL 
A C and the Triangle is determined. Then 
the Angles A and C may b^ ipearttr'4 by a Line of 
Chords* 



2. By 



r 2«j ) 

BCH-AB.BC~AB::TfZLXop.Tf XXZ's Op. 

That isy 

ISS* 35:- T46i(. T|XXX'sOp. 

*5- i«397940o 
T» 46i. 10.0151628 

Sttin. ii.4i)i02& 
SriiL Log. 125. 2.0969 100 

Rem. .9.3161928 which is the Log. Tang, of 
\ the di£ of A and Cr= 11^ 42' 
Nonr I theC+l the diflF. 7 C 57A 42' the Ang. A 

B45il JJ- 5 ^ 34^- 18' the Ang. C. 

This hath been proy'd in the third Axiom. 

JPIilir VBL Cafe the 5. Given, the fame as before : 
1%. IX. To find the fide AC. 

Tk Aisles A and C being found as in thelaftCaia 

A=:57^ 42' 
C=34 18 

1} Zogaritbmi. 

S^C.S,B::AB. AC- 

S;R. 9*9997354 
AB. K6989700 

Sonii 11.6987054 
SdAi ^C« 9b 7509140 

1*9477914 the Logarithm of 88. 67 pts. 
~Av» 

Cafe 
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Cafe 6. giren A B= 687 

B C= iio>To finl the Aifte A, QBL 
AB=:i56b 

I. Ge$metric4ilfy. 

With the 3 Linet AC. CB« BA, make PMr 1IL 
the Triangle ABC, then by the help of a 9^. X. 
Line of Chords, meafttre the Angles reqolr'i. 

2* Bf Ltgm'stbms* 

A CB C4-BA::BC~BA* OC AoStemm 
or the Segments of tbeBaiiB. 

That is, 

1)6. iSS :: {2, OC. 
i88 2.274157* 
52 x.7t6oo}3 

* 1 M 

Sum 3*9901 61 1 
SaUt. 156. 2.1931246 

Rem. 1.7970365 =: 62.67:^00 the dBfhcade 

oftheSMintots* 
Then | AC + i OC = DC=io9.33 
~ =:DA=: 46*67 

Vo^ the Oblique Triangle A B C is by the Perpen- 
dicular BD divided into two Right-angled Triangkit 
B D C, B D Ay in eaeh of which the Hypothennfe and 
fiafe is given : Therefore by the 5 Cafe. 

The Operation of which I ihall leave to the Learner 
to ayd4 Prolixity. . 



C *8 ) 

Ubis lafi C^i m^f be Solved fy four etber Tbcoremi. 

For the Anal>fi$ and Deroonft ration whereof; Sup- 
poie w, n. the Logs of tbe Angle re- 
quired b its Bafe 4, co tf the Segments of Plate IV. 
die Bafe made by p, a Perpendicular Wc Fig, I. and IL 
taU from another Angle, whether it fall 
within or without the Triangle. 






2 
Then ««» — aa zzpp z: b b-^nn — a a -^^ 2 n a 
theref* dm m jw.^- » » — ^ ^. 

2 W 

Therefore R, JS : J ^- ^ ^ + '^ '*'^ ^ ^ • • ^ ^ ''• ^ w.-|- 

2 » 
« ]f — ^ ^ therefore 2 #» u. (2 /» », -]- «w jw ~|- » n — ^ B) 
zx'^^bb .^ ^ + =: 

compounding and dividing : ; R. R -^g z:-^ by dif. 9th 

:: I R^ tRv ?_CS?i Ang.7bj the 2d Lemma- 
T RV i — i S ^ f Arg. J by the ift Lemma- 

Therefore C z 2 — b b J ? S f t Angle . 
4 «w W.R f ::1 A ^— X X r° t ^ f * Angle. 

andzz-.^£. ^^. — xx: :Sf|A ng]e, S f J. Angle : : 
r. f. T ^ ^ Angle : : t f -J Angle K f . this wijl be Eri- 
dent by the 3d Lemma, and tecaufe ^. S : : R* T. 



Theic. 



1 



\ 



f 



"X 



a:"^'' 

■^^x 


'•■\/\ 




E V 




\ 




/^.^-^ 


[) 



■•..«)^ ,. 












1- ^^'' 


/^ i ^^"^^-'•j 


1 r^ ,s. 
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Therefore, 



1. 4 m «• z -I- & X z^«- i : ; R f« Jg f . | Angle 
or dividing the ift and 2d Term by 4. 

• • 

mn. I X ^-— A; : R f . S f I Angle 

in words that. 

As the Re^angle of the Sides including the Aogfe 

required. 
Is to the Rcdangle of i the Sum of the 3 Sides 

Multiplied by i the Sum of the 3 Sides made 

leb by the Safe. 
So is the Square of the Radius, 
To the Square of the Co-iine of | the Aogb 

required. 

2. ^mn. *4- xx^->z:;RfSf,i Angle, 

Or IS before. 



m n. ^— m» ^ — m :: R f* Sq. ^ AnglrJ 

In Words thus. 

As the Reftangle of the Sides including the Angle 
required. . 
Is to the Reftangle qf |- the Sum of the 3 Sides 
made lefs by one o^ the Sides inclucRng the 
Angle, Multiplied by i the Sum of the 3 S5d^ 
made lefs by the other Sides including the An- 
gle required: • 
So is the iiquare of the Radius ; 
To the Square of the Sine ot i the Angle required* 



B 3. 2-!-f 



C 30 ; 

3. x+* » z _i.* 4-x x~x : : R f. T f f Angte. 

t«f-*-r-«xi^»: :Rf. T f. f Angk. 

In Wordithtu. 

As f the Siwi of thc^Sjfcs multipllerf by | the Sum of 

the Sides made Jef$ by the Bafe - 

S-»5"'^*^i-"""c°.^'« 3 Sides, nvide fcfs by one 
of the including Sides, multipUed by * the Sum 
g *f 5 Sides made lefi by the other inclining 

So is the Square of the Radius. 

^° ^.^Square of the Tangent of | the Angle rc- 

Or, 

^^'**t~"?*t-* :;Rf.Tf. i Angle. 

In Words thu^ 
As I the Sum of the 3 Sides made lefi by ewe of the 
tndudi,^ Sides, MubipBed by J the S^ of 
^e^thrc. Sides made fcfs by tielther iocEii 

Is to I thi Sum of the 3 Sides Multiplied by i the 

<: t.J^'"''^'^^ Sides made lefi by the Bife' 
Soothe Square of the Radius. ' 

KquiS!"'' '^ tbe Co-uiigent of | the Angle 
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Now zz^xx^^mn^ 
I For 4 2 +♦«= m 

I 2 — f xs » 
tberefore 1 22r-> Jxk= m m 
and Confeq. 2z— zx^4 m tL 

If tberefore you have an Angle girei^ frith its Btfe 
and the Sum or Difiereoce of the Legm you'll hare by 
thefe Tbeorems the Square of the Sum or DifibreoDC 
and Q) both Sum and Dififerenccy and confequeotly tba 
iFery Legs. 

For Inftance^ in the £rll Caie> if the Angle iochided 
between the Sides m and u were gtren^ together with z 
the Sum of m and n, then the ad*- jd and 4th Terms 
are ablb]ute1y known, and conlkquently the 1 Term 
4 «» » is known, if from 2z I Subftraft 4 mn the remain- 
der is sz the Square of the Difference^ then 

I 2-^|.x greater Sidet 
^ 2 — T xTeffer Side. 

{••In the Theorem which firft comes out for the 
finding the veried Sine of the Angle required. 
^/^» 2 MTii. ^ ^ — X X : : K. V 
Let it be changed into theft two Proportions, 

Viz, 2 m, ^j-x : : b —x, G* ■ ■ 

/ bb^xx\ s : R. V =: R X bb-^x x 

then. n. Gf =; 1 ■» j ■ 

\ im J tmn 

Or into thefe Two. 
^-j-x. in : :«r. H=: 2fnft 

b^\-x 

/ 2fnn\ 

Hr=( ).6-.x.R. V=;R 

\b + x/ 



3i — XX 
then H r= f ■■ ■■ J . 6 — x. R. V =; R x— — — 

+ x/ 2»»» 

'Which Proportions may be workt hy the ScBor or 
C»»^#y*s Line. » E 2 ^jp6w« 



\ if / 

Spheric Trigonometry. 

Jk Sfhtrie Trimgle^ h that wMcb.is contain'd 
Lk tiVeeti t£i6 Arches t>t 3 great Circles of the 

jt \ Sphere. 
.Av^dffK Angle is the fame with the iDclination of 

ibePJanesofthbfd 2 Circles iivhtch conllitute the Angk 

AffeSHons of Sfheric TrUngles* 

!• When a Circle falls on smother Circle, the Sum of 
tlie tw6 Angles made thstthy is zs 2 -J,. 

i When a Circle croffcs a Circle, the Vertical An- 
gles nlade threby are mutually EquaJ. 

3. The greater Angle is oppofite to the greater Side ? 

4. An I^fceles Triangle Hath its two Angles at the 
Bafe iimtiMlly Equal'; and on the contrary, if a Triangle 
his 2 i^frgles equal, ft has two Sides equal 

~ 5. Two Triangles* mutually* Equilateral, are al fo 
Equiangular one to another. 

6, If there be two Triangles, and in each one Angle 
and the two Sides including refpeftively Equal ; or if one 
Side, and the two Angles adjacent be fcverally Equal ; 
then the two Triangles are equal ; for if laid one upon 
another they will agree, 

7. Two Stdeis of a Triangle are bigger than one ; for 
the Arch of a great Circle is the lhorteft*Oiftance bc^ 
tweerrtWb f^ointson the Surfafce of a Sphere as a ftreight 
Line is betwixt two Points in a Plane* 

Thefe feven Properties are common to plane Tri- 
angles, and have a Kke Demonftration, 
8* All great Circles mutually cut each other into two 
equal Parts, for tke common Seftion of their Planes is 
a Diamster of the Sphere, and cbnfequently the two 
ScfHons of their Peripheties, are^ at a Semicircle Di^ 
•S*ee, 

Hence 



/ 



V 



HcDce it follows that every Side of * Spheric I'rfangle 
islefsthana Semicircle. DBiskfs than eke 
Plate IV. Semicircle DC. 

//^. III. 9 The oppofite Angles At the Se^^ions of 
two Circles are equal X D zz !> C^ lor t^o 
lame Planes make both Angles. 

lO. In any Spheric Triangle if the Sumot the Legt 

of an Angle DB, BA be= SthanaSemici^leDBC 



the intein Angle, at the fiafs D, is aceordi9gly;= ^than 



the outward oppofite Angle B A C> and confequentiv the 
Sum of the two internal Angles at the Bafe D, D A fliall 



he =: > than two -J, 

DEMONSTRATION. 



If D B-^B A be = >tban D C, thtu B A is— >than 
BC; therefore the Angi;;C> or which is equal to it D 
is zz >tban B A C, and the X D+X D AB = >than 



(LBAT^-XD A.B=)2 ^. 

il, CoruU. In an Ifofccles Triargle, if one of tlje 



equal Legs is =: Vthan a Quadrant, the Angle at the 



Bafe is — ••than 



12 The Sum of the three. Sides cf a Triangle is lefs 
th?n a Circle for BA <:;BC-1-AC ithcrelbre DB^ 
DA-^BA<:DBC+pAa 

13. If 



i;. If from the Point of an Angle as a Pole, 70a de- 
lerfbe a great Circle, or which is the ^ine, if you de- 
^be a Circle at the diilance of 90 Oeg. from that 
pointy the Arc of this Circle intercepted between the 
Legs ol the Angle, i^ the meafure of the Angle. 

^ 14. The Poles of the fides of any Triangle GHD, ccn- 
ftithtc another Triangle n x m^, which we may call Sup- 
plemental to the Triangle G H U ; For the Supplements 

of the i 5i^| > of the . A » x iw arc equal to the 

D E MO NSTRATION. 

From the Points G H D as Polef , defcrihe on the Globe 
3 great Circle, xAjfy R T w », x Bn Z, then m being 
thcPokofGH,«>is=:Quadrant=A'x, x or E being 
the Pole of "G D, Therefore adding » A on both fides 
a* X =: Ajzz Supplement of C A, the meafure of the J^ 
HOD. 

ZnziQuadrarnt, (n beirg the Pole of H D^ Pif^ IV. 
=: B X and adding B on both fides, n x Fig» VII. 
zzB'2^zz Supplement of B K the meafure of 
the Angle H D G- 

» T=Qiiadrant=:i» R» and Subftrafting w T on t)oth 
fides » » =2 T R the meafure bf the Supplement of X Q 
H D. And here obferve that the Triangle nEm con- 

fiituted between the 3 next •Poles, hath its 3 J Ancles C 

= n^^ J Of the Triangle GHD, fave that the 

greareil fides n m is the Supplement of the Angle H9 
and the Angle H of the fide G D. 

15. Any Angle cA a-Triangle with the Difference of 
theothcrtwo is cl^^-Jfor xn ^xi» ►J-iffii.i.e. 2-» 
r-.D<^2 -^ ^ G-J-2 — '-^H, «nd taking away a-* 
on each fide. — D <; 2^-J — G — H, ind adding G 
*»d a en both fides G H- H— D <2 -». 

1^. » 



r 



|6. 2 Triaogles A and B mataally Eqouittabr,ire alCi 
miiCiuUj Eqmliteral, for becaafe they are E^aiaDgular, 

their SuppEnaoiCal Trian^es «, C art 
^tfff rv. Equtlateralbj tbe 14th, aol cheretoir 

Rg. IV. and VI« Eqai^ular by the ^tb ; and cbere- 

foreOe propofed Trianglet A and B 
wboie fides aretKeSappfemcmsofdioie Angles, are E- 
bilateral b^ the 14th- 

17. Three Angle* of ererj Triangle are^ 2 **» and 
<;6-»for n x-|-x m-^ j» <^ 4 *J (by the iitb) that is 
2J — D-f-a-J~G^-2 -J —H <: 4 -J that it, 6 ^ 
•^IV-G— H<4«Jand taking aitay 4 -J on each fide, 
2-J-D— G-H <:cand adding D, G, H, on bodi 

fidfs 2 -»<:rH-G4-H. 

3ly. Tbe Sun of the Intern Angles it lels than the 
5ain of the Intetn and Extern, both which in all make 
but 6-*. 

Or that, by the Figure to the 14th, the Supplement 
of If inr is the meafnre of the Aogle H ; E i«r the meafure 
of the Angle Gy and E ^of D. - 

But tbe Supplement of nm added to n j» makes hut 
2»i, therefore the Supplement n m added to E m-^ Eii 
!$:> 2 -J, that is G-|rD;>2 -». 

Or thus, by the 10th, the Angle BAG 
Plate IV. Z>? 
Fig. V.Im zz > than tbe Angle D. In this firft cafe. 



make F A C = D and produce A B to E* 

Then D F+ A F=2-J; therefore B F+AF <:! -t, 
dierefore X F BE=D BA^F A B, but F AI>|-F D A 
=:3*-f,i.e. FAB+BAD+BDA=:2*i» thereforo 
D B A+B A D-fB D A>'2-». 

2.IfBAO:=D, then B A D+B D A=: 2-J, there* 
fore BAD+BDA4-ABD^2-«. 

^ If B A C <:D,.then B A D+B D A;>2-J, there. 
&re B A D4-B D A-f-A B D:>2«J. 

j8« Of fevetai Arcs of great Circles falling from tbe 

fame Point of the Spheres Surtiure 00 another 

flaie IV. Circle, the greateft is that which paWn thro* 

J^. Vlli. the Pole of the Circle, and tbe the next to this 



is greater than that which is farther off For Tuppofe P 
the Pole of the Circle, C <9 Dand a« the Pole of D PC; 
then itAtorA r+'' B):>AB:> A EZ> A C andthe 
ArcB«C:> Et>p>BD. 

19, A great Circle paiHng Aro' the Poles of another 
great Circle cuts it at Right Angles; and on the con- 
trary, if it cuts it at Right Angles it paiTes thro it's Folet. 
For the Angle of the Inclination of the two Planes is then 
right XPBD=:J=:PGDii:PDB=:«AC., 

2p, In an Oblique Angled Triangle, if the Angles 
at the Bafe are like, that is, both Acute, or hotbObtufe> 
the Perpendicular kt tall from the oppoflte Angle falls 
within the Triangle, and the Quadrantal Arc without : 
but if they be unlike, the Perpendicular falls without 
and the Quadrant within^ for the Triangle £ A F . hais 
X X £, F, Acute and the Perpendicular A C falls within, 
vand the Quadrant A «> without, alio the Triangle BAG 
has I. X B, G, Obtufe, and the perpendicular AD with- 
in, and the Quadrant A o without. 

But the Triangle B A £ has the X L B,£, of different 
^inds, and the Perpendicular A C without, and the Qua- 
'di-ant A « within. 

By the fame Figure tnay the Ambiiguities of Right 
Angled Triangles be Solved . 

SO LUT 10 NS. 

1 . The Legs of the Rigkt Atrgle are of the fame kind 
H^Uh thebp<jx>fite Angles; fo in thcTriangleB D A,bc- 
caufeD A^-QuadTant OP, the Angle DBA :>-JDB j^, 
and in the Triangle B C A, becaufe A C<;Quadtalrt P C, 
ZCBA<;-JCBP- 

2. If the Legs (and confcquently the Afigles) are of 
the fame, or of different kind ; the Hypdthenufe is accor* 
dingly <:;;;> Quadrant. So in theTVangfesEOA, 
E C A, the Hifcthen^ A E is<^ Quadrint/but in the 
THangleB D A, the HfpHbenufe A B is p>Quadrant BP. 

9. J^ice^VerfOjii thcHypotbenttfe^^o deg* the Legs are 
Similar^aod thp 2 ObUquc Aisgte are Similar 5 btit tf 

tat 



J 



/ 



y 



tbe ttffotbenufe ht'^ 90 deA. the teg^ ate Diffind^ 
hr, and the ObUque Angles Diffimilar. 

4.if Ite .«^lie9«fir be^.90 Deg. each Leg fluH be 

fSSiar}*«^*4l«^ Afigk, to ftUew from 
* "^ the ill, mid jd.SoI. 

V And 00 the contrarj, if a Leg he ^Qj^iihrJ 
H iu a4)a<otit Aiigle, the ttj^henmft will b 



for wV»«« tbe Sines, Co-Sines, andntber tiigbt Lines (f 
Jr€Sy wbieb are net viphle in a common Sfbere^^tii eon- 
venient to ufe tbk Fl4ttes ^'tbe Aes of three ireOdrtlet 
of Card Fajiboard^ f'^^i^^^ ^ '• ^ Armfflar Sfbere , 




^s^fopppfftifiW^ ^^f^ 2 Arcs, $ F, B A, and 
Ihat RPH the Ptai.. W greater Are were turn'4 

roond S H, ttH f ha(f a Ki^, ,W falling from P Perpen- 
diQular to. the Plane B A H> ^y^ fall on fome Point ot tbe 
Line'C &, fappofe on'D ; for in that Pofition P A B ivill 
he y S^ric Triangte, ^ht Anded at A, ,B P.the Hjf* 
fotlenaJeJ^A thermic^ -PA the Perpendicular Arc. 

F And 



(38) 

Andfuppofe P A Nanu 9. =: PAof the Triangle, anl 
fitced according to its Letters therein ; and Draw A £, 
P F, Perpendi^ar to B C ; fo AE,P F,P D will betbe 
Sines of the Arcs B A, B P, P A, and their Co-fints will 
be E C, F C, D C ; thefe things being done or conceived, 
the two firft AtaOmt olSfberic Trigmometty win pre&Dtiy 
appear, and eoniequently the Demonflration or the 16 
Cafes of Bkjbt'OngUd TrunigUs ; to which End let the 
ArC'9- csNum 9. be alfo iittedin the Solid aceordti^ 
to its Letters. Then in the 2 RigbUA^gled Spbcric 
TnattgJcs P B At ' 4r B « having the fame Acute Angib 
B at the Bale. 

A X I O M 1; 

The Sines of the Hyf^benufes are proportional to the 
Sines of the Perpendiculars. 

PF. PD: inrC^J". 

AXIOM IL 

The Sines of the Pafes proportional to the Tangents 
of the Perpendiculars. 

A E* AG :: aC. tty* 

For the two mgbt Jngle TtiangUs F P D, ^ «• / are 
Simillar. Alfo, E A G , C * ;>. are Similar. 

For the Solution ot the foljomng Cafes I fuppofe B P A 
a "Right MgUd Triangle^ and its Sides produced to Qua- 
drants, BN, BM,AD5 fuppofe alfo PE, PE^ NG, 
and E G Quac^ rants. Plate V. Fig L 

Then is NE=:BP, and the Complement of B A = 
Ji U:=zL ADM and F E-L F P E=X B P A,and ND, 
=: N M = i B, and the Angles at A, M, N, E, F, right. 

.Here follows the Table of the Proportions for the So- 
lution of the 15 Cafes of Rigbt-Jngled Spberic Triangles^. 
with the Solution of their Ambiguities* 
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Examples in Numbers. 

CAfe I. Givep B A =30. o^liieq. BP. 
P A =25. oof ^"^'"^ 

Plate V. FiOFQRTION. 

J%. I. 

lLSBA::gPA.SBP. 

2 B A. 9.937530<J 
SPA. 9-957a757 

Sum. 19.894806*3 
SabiL R- io.ooooocx> 



4 

s 



Rent 9*S94^od3tbeS of 38.1 8=BP 



By tbe Ganter, 



EjoCend jour CompaffesfroiQ the Radius it) the 
of Artificial Sines, to the Sine of 60 deg. (wtiich Is the 
Coinpleitnent of B A) the fame Exteat of the Cotnpt^ 
fb will reach from the Sine of 65 (which is the Com* 
plement of P A ) to {id 4a* the Compfement of 38 deg. 
18 mio* r; B p. 



V % Csfc a. 



a i 

PROPORTION. 

. S, B Ay R : : T, P A. T. R 

R« to,ooooooo 
T' P A. 9.668672$ 

Sum 19.6686725 
Subft* S, ^B A. 9.6989700 

Rem. ^-9697025 T, B =: 43 deg. 

By tbe ifi M. 

^ tbc Cuntcr^ 

Extend your Comjuifes from the Sine of B A 3d deg. 
to tbe Radius, the Sipe of 90 4«g. the fkme Extent of the 
Compares will reach on the Line of Artificial TangentS9 
^om the Tangent of .P A 25 (leg. to the Tangent of B. 

4J ^i^ 



Cafe 3. 



PIMeV. 


(4f 


) 

BP 

P 


^SjwdB. 




fRoroRTioir. 




R. 2 BP::T,P. 


T«- 


> 


5S BP 9.^989700 

T, p. 19^0761865 




1 


Sam 19.7751565 
Sabft.R. 10.0000000 




a t 



R«^ J-77»»$^ tic T B ts^ tl 

&/• #ii 3cU 

Obierfe cbe MUM in Ae farmer CaAi^ 

d I 
Cafe 4. G!«n t P=6o. 00 » ^,^j^ j ^ 

PWtf V. 

^^. IV. psopoxr/OAT. 

Rg P: »*i»BP: 

2 P 9.8080675 

T, B P 10.2385606 

Sam to.04d6 a8 t 

Sub. R, 100000000 

»■ I d ^ 

Renu 10.0466281 T, PA=:48.4« . ., 

Caie 



(40 

d » 
Cafe $. 6Mre»BP=6o oo7Reqd. fig. V. 

PROPORTION 
R.S>BP::%P.|,BA. 

S, BP* 9-937«o6 

S, P 9.8842540 

Sain. 19.8s 17846 . d I 

SttbcR.Riniiau»L 9.8217846 ^BAr:4i-33 

d « 
Qfe 6. Given P As= 36. ool« , ,,p Plate V. 

Pzzjo. ooj^^ • • f^f. yi. 

PROPORTION. 

S3P. R.::r,PA.T,BF. . 

R 10.0000000 
^ T,P A 9.8612610 

Sum 19.8612610 

Sub(tSP.9.93753o6 

■— .— • . d ^ 



Rem. 9.9237304 T, B P =i 39. 59 



4rvr V 



Caie7« 



-*/ 



I 

/ 



c 43 ; 

PUte V. a » • 

i?f. VH. C«ft 7. GiTen P A = jtf. oo7 » , „. 

P =3o.ooS**^Bj 

mOfOK T to N. 
R.SPA::S,p.gR 

SS PA 9-9079^6 

S,P. 9.6989700 

Stun 19.6069376 d ■ 

SuhO. R. Rem. 9.6069276 S B 66. 09 

SA ift. 



d 



1 



%. VIII. B =r 37* soS****- ^^^ ^ 

R,S>BA::T,B.T,PA. 

S, B A 9*937f 306 
T,& 9.8849S05 



f 



Sum 19.8215111 d 

SiibIL S* &iii*9422$ii:( T^ P As 33* 36 



Ca(e9« 



<44) 

PROPORTlCfir. 
T,B.R: :T,PA.S, B A. 

R. lo.ooooooo 
T,PA 9.46553^6 



Sum t9-4«'5r9S^ 
*tth. 1,39.6620434 



d « 



/ Rem. 9.8o549$2,S,BA=:39.3o.Or 140.30 

Tbts Caps is Ambiguous. 



#»■• *\ » 



S, B. R::S,P A. S,BP. 

R* 10.0000000 
. ^PA, 9.4477586 ' 

4tAft.S,B. 9.6204884 

Rem. 9.827270^,5, BP=:42* J ?' or '3 7-48 ' 

Jimbiguous. 



C4J) 

Cafe II. PA=i6d. »7«n.7B_,j r, TUU V» 

SPA :R :: SB;S.P. 

R 10,0000000 
gB9.95«4450 



Sum 19.9584450 
Sabft.;gPA 9.9822201 



■■w 



^^ Rem. 0.9762249 SP:=:7iAi3iii,irPAfanf 
bettireen NM and B^ if nottii io8d- 4701. Jmbiguous. 

Cafci2.GircnPA=|7d.ooni..ln^^ « Piste V^ 

PB=46d.oom.>*^^P Fig.Xt 



^ XIL 

PROPORTIOK 

T.BP: R: :T.PA : :gP* 

R* JO.OOO0OOO 
T.PA 9,8771144 

Sum 19,8771144 
Sttbft.T.BP 10015 i«a8 

■■ ■ " II ■■ 

Rem. 9,8619516 SP=:43/l iSmt* 

Bj tbc 3d Solution* 

Q Cafe 



(^) 



rUU V. Cafe 1 3, Gircn PA=: 37d. oom. 1 » ^ j 
^^.XIII. PB=4tf oo $ ^"^^ 

BROPORtlON. 

»S.BP : R : : S.PA : S. B« 

R. JO.000000O 
S.FA 97794630 



■■ 



Sum 19.7794630 
SubS.S«BF 9.8579341 

Rev. 9.92152819 S. B=:56i« 35«»» 5(p/, 1 

. aPA:R::SPB:SBA. 

R lOdOoooooo 
gPB 9.84i77»3 



Stun 19.8417713 
Subfi. S PA 9.9023486 

Reoi. 9.9394237 % BA z: 29<1. 34ifl. 

Bf tbe Id SoUttlm. 



Cafi: 



( 47 ; 

Cafe i<. Given Bs 46iooM.7o^ no Plu/^ V. 

tROPORTiaF. 

T.P: R:: tB:2BF. 

R. icvooooooo 
tB. 9.9848372 

Sum 19.9848372 
Subd T. P. ia22i226) 

Rem- ^ 9.7636 109 S BF s {4i. 32iRr. S0L 2. 

J»/<j« V. Cafe 16. Given B=46<i oo«r.7 fe^j ©^ • 
. ;=?^, XVL P=59 00 JR*1«'.PA' 

PROPQRTIO N, 

S.P: R :: SB:SP4' 

R. n/3oooooo 
SB 9.S417713 



«i 



Sum 19*8417713 
Subft. S.P 9 9330656 

Rem. 9.90870^7 gP 4= 35i 52«r. 

Any Oblique Qiadranul Triangle, ZHP 

Plate \W whofe fide H Z it a Quadrant, iray be le- 

iwTf . Vf f . duced to the Right-angled Trian^ H N P 

by producing the other fide Z P to S, Co that 

Z N ba a Qjiadrant ; (or taking away a Quadrant if Z P 

had been bigger than a Quadrant) then m the Right- 

' ' G 2 angled 



•» - ^ 



ingled Triangle HNp, HN=:X Z, and PN theCom^ 
pkipenc of ZP| and XPHN the CompknienC of 
Zf|P. 

The Lord Ae^er from a diligent Oblenration of the 
Proportions for Solving the Csfit before mentioned) found 
tbe^ might be folv'd by one General Propofitioiu 

For the Underftanding of \vhich> 'tis neoeflary to pre^ 
mib that he calls the two Legs (vi^. the Sides inclii^ 
ding the Right Angle) together with the Complements 
of the other 9 parts^ viz. the Hypoth(^u(e and 2 Oblique 
Angles ) five Circular Parts, uking ito Notice of the 
Right Angle, as being known ; and it the three parts which 
enter the Queftion (of which two are given and one re^ 
qoiied) have no interruption (a Right Angle coming be-^ 
^tween being accounted none}that part which is between 
the other two, is eall'd the middle part, and the other two 
JExtremei Conjunct ; but if there be an Interruption, that 
part which isfeparated from the other two is calVd the 
Middle Part^ and the other 2 Extremes Ofpofite or D'tsyunSt. 

For InQance in th^ Rigbt'^rigled Triangle BPA. 



fBA 



PA 



ExtnCenj. 
1 Comp. B s 
PA 



'BA. 
Comp. P 



Extr.Disj. 
f Comp. P 
Comp,BP 

Comp.BP 
Comp. B 



,-JComp.P j be mid. kComp,8pJ jComp.B 



part then 



Comp.BC 
CQmp« B { 



<^m 



Comp.B 
Comp. P 

BA 

Comp.BP. 



■■■■••■■■V 



BA 
PA 



Comp. P ' 
tPA. 



Tif, 



C 49 J 

The Lord NeperV GencrJ Frcftfiiicm 

is thus^ 



R X S. Middle part =: O Tangent dt tbp 

Conjunft ; 

^nd RxS. Middle part i= O Cc^vfioes of the £»« 
tremes DujunA. 

' Tb«t is, Tib; ie^i^w^i muUlpUed by tb^ S!ne tf Oe MuLOe 
fart is equal to the ReBaftgh or ProduB tf the Tm^* 
gents of the Extremes ConjttnBj and e^mai t» tke 
KeBangle cr Proiu& of the Co-^nes cf tie Bxiftaeei 
phjuf^3. 

Hence. To find the Middle part, when the other 
mopmgive„arcei.herJ|«-;;:^C«j«^ 

# 

RULE r. 

R : T. one Extreme : : T. other Extreme : S. Middle part 
R : Jg one Extreme.: : Jj^ other Extreme : S. Middle part 

Here you may obfcrve. That when the Middle prt 
is to b:; found, you mutlbegii ^vith thq Radius: But 

when } ow are to find an Extreme cither d nj-A^A * 

R U L E IL 

T. one Extr. : R : : S, Midd. part : T. other Eatr. 
J^ one Extr* : R : : S. Midd, part ; Jj other Eitr. 

So i\nt when one Ex.reme is to he ihindi the other Exi-« 
treme muft be, the iii-ft Tcnn. 

Sotne 
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S0Mfe fern Exsmfks U Mxereifi ihU JUik* 
Cafe I. BAzzioil «^„. ^ «p 

Here the Compfemenc of B^ required it the middle 
mre« and the other tvto parts given are Extreinn diP» 
janft ; therefore by the 2d part of Rule ifi. 

R : S ^"^ Extreme : : % other Extreme : S« mid. part. 
Thatis,R:SBA : :SP|A : SEP. 

the iame Proportion as before, which being workt in 
Kumbers already, would beneedlefs to repeat. 

Cafe 2. Where there are the fame things given to find 
the Angle B. > 

Here BA is the middle part, and the Complement of 
B and PA ate £atremes Conjund* 

Therefore} by the id part of the 2d Rule. 

T. ore Eztream : R : : S^^niddle part : T. other Extreme 
thatis, T.PA : R : : S. B A ; T B. 

Cafe 3. Given BP=6oi; ? R^^j^ B, 

Here tbe Complement of BP is the middle part, and 
^he Complements of B and P are Extremes conjunA. 
Then by the id part of the 2d Rule. 

T. one Extreme : R : : S, middle part : T. other £jctreme 
That is, tP : R: : gBP: tR 

Here though the two Jaft Canons are not exacftly the 
fame as tbofe produced in the formsr Solution of them, 
dcrircd from tbe Produiftion of the Sides of the Trian^ 



'n 



(si ) 

gle, yet thdr C«.ind4eiiee wiiii them win aoDear e»a, 
from the 3d Looou. ^^ "W' wUj 

I prefume 'twill be nenllefi to gin aw farther In. 
ftaDccsofthiiGenc«lRnleofthelSS^ I* 

0/ /^tf SolufiM of Oliquo Spherical 

Trongles. 

OBlkjue Spherical Triangle, may be reduced to tw» 
Right-angled SphedcaiTria^te.. by fcS«f,7r 

«f Ymi t *''"*" *•* ®'»'*^"« propo. SiMo two Riaht 

Jv2"il!IL^"w«^P "•"<>*«' loofwhidr. 
inay be folired ( befi« thus pnptnd ) by the two firll 

AxioiM, or by Rule* dedwc/foSn thnn. 

R ULE I. 

rioS^„^r^r*^^'"J^?'le.at theBafe. are proper. 
Si *" ''f.^"** 0^ *•« -AngJe* « the Vertex. 

The Angles B, and D, are the Angles at the Bafc s 
IhewfOB, gB:S.BJA::2D:^OPil. 

4 



For 



For Proportions which are the btos to si thW ; are 
the fiune one to another. 

RULE II. 

The Co-fiii»of the Sides are proportional to the Cc«w 
fines of the Baies» 

For bj the tft Cafe. 

R : gPA : : SBA : gBP. P!aie VL 

R:2PA : : S DA : gDP. Fig. II, 

Theiefove, SBAiSBP: cSOArSDpf 

RULE IIL 

The Sines of the Bafesare reqproQally proportional to 
the Taqpots of the Angles at the Bafe. 

For by the 2d Axiom, 

&BA:R : : T.PA : T.B. 
S.DA:R : : T.PA : T. D. 



Therelore, S.BAxT. Dz=R »T. PA=: 

S.DA^T.D. 



^,&BA:&DA : : T.D : T.B. 
for equal Reftangles have their Sides reciprocally prc«* 
portioDal. 

R U L E IV. 

The Tangents of the Sides, ace reciprocally propp^ 
donal to the C6-fiDes of the Angles at the Yertei. 



lot 






\ 



03) 

For by the 4tb CaG:. 
Plate VI. T. BP : R : : T. PA : 2 BPA* 

n^. lU. T.DP : a : : T.PA : ^D?K. 

Therefore, T.B xgEPA = RjrT. P A=T, 

DP«gDPA. 

Therefore, T. BP : T-DP : : gDPA : ^BIPA. . 

AXIOM III. 

In any Triangle (vrhether Rigbt«ang1ed or Oblique^ 
the fir^ of the iides are proportional to the fines of the 
oppoiite Angkt, 

For by the ifl A«om» 

S.BP : R : :S.PA : S.B, 
5-6P; R : : S.PA ; S.D. 



Therefore, S. BP x S, BsRxS.PA = S.DP)t S/D. 

Therefore, S. BP : S.DP : : S. D ; S.B. 

Obferire this Rule for the letting fall your 
perpendicular, 

let tt betet faU from tbe End of a given Side, and 

oppcfite to a given Angle. 

For by fo doing you have enough given in 'one of 
the Right-angled Triangles to derernrine »ny of its 
unknown parts* 

H Th* 



(54) 

The two firft Cales are folved each by one Operation 
an the 2d Axiom foregoiog, the next eight Cafes are fol- 
ved each by two Operations* 

And that )oa may know what part of the Right-** 
angled Triangle to find in your firft Operation, Ob^ 
ferve to find fucb a Fart, rohtch when found, tbe other 
part cj tbe thing required^ (which is to be added to, or 
fubflra^ed from tbe id Part found ) may coffie under 
me, of tbe Four RuUi mentioned* 

This will be eafily underftood from this General View 
of the proportions for the Solution of the firft Ten Cafes 
of Oblique Triangles^ annexed. 



4mm*i 
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The two firft Cafi» are iolved each by one Operation 
an the 2d Axiom foregoiog, the next eight Cafes are fol- 
ved each by two Operations. 

And that >oii may know what part of the Right* 
angled Triangle to find in your fifft Operation, Ob^ 
ferve to find Jucb a Tart, vbsck robcn found, tbe other 
part cj tbe toing required^ {which it to be added to, or 
fubflra^ed from the ift Part found ) may come under 
me, of tbe Four RuUi mttHioneJL 

This will be eafily underilood from this General View 
of the proportions for the 5oldtion of the firft Ten Cafes 
of Oblique Triangles, annexed. 
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Pr^fmious for the Solving tbe firfi lO Crffs 

OUique TriangUu 



i liven. Kcq 
BP.PD.B. d"" 



BP,B. D. PD 



BP.PD.B. B D 



Proportions. 



f^m 



S. PD : S. B . : S. B P : S-D.-wwAfg 



B^/D.B. 



B?. B, D 



a^a 



S. D : S, B P : : S- B : S.PO^i»%. 

Firft, iind/BA. by the 4th Cafe 
1:2B ::T.BP:T.BA, 
And then bj the 2d Rule, * 
^.RPrSBA ::^DP:;gDA. 

1 hen BA-j-DA=BD, 

[according as the perpendicular 
falls within or without the Tri- 
angle, which is doubtful, unlefs 
the kind of the Angle D were 
known. 

Firft, find BPA. by the 3d Cafe 
>SBP:R::tB: T. BPa. 
Then by the 4.th Rule, 
T.DPiT.RP: 2^PA:SDPA 
Th^n, BPA -}- DPA — PBD. 

fand here the falling of >'A with- 
in or without is, doubtful, un- 
jlefs the kind of the Angle D be 
known. 



jFir/hfind BpA by the 3d Cafe, 
:^RP:K::tB:T.BPA. 
Then by the ij(f Rule. 
SB:S.BPA:::^D:S.DPA. 
Then, B P A-J-O P A= BPD, , 

thatCB and Dare alike, 
'is if 5 Band Dare unlike. 
H 2 
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Proforticuf for the Solving the fir ji lo Cafts rf 

OUique Trla^Us. 



Given. Req. 
BP, B. D. BD. 



Proportions. 



Pirft, find BA. by tlic 4th CaD 
5;B :R ::tBP : tBA. 
Then by the 3d Rule 
T.D:T.B: :S.BA ; S,DA. 
thenBA-]-OA=:BD. 



Gale 
6 






bp. b. p. 



D. 



Firft, find BPA; by the 3d Cafe, 
gBP : R: : tB : T.B?A. 
then by the firft Rule 
S.BPA:S.DPA::SB:2D. 
if BPA i» greater than BPD and 

ir D I Acute ? n ,-c S ^^^"^'^ V 
*^^^B{obtufeJ^^l Acute f 

but if BP^ is <:BP D, and B 






I R p'; BP. I PD. 






C Acute ? ns.S Acute 
j.ObtufeS^''l0biufe 

^^^^^MMBH^P «^M«^«^^v>i» «aMM^Hi^*^HV* «M«^« 

Firft, find BPA. by the ^d'Cafe, 
2BP : R::tB: T.BPA- 
then by the 4th Rule 
g DPA :2 BPA : : T.BP : T.DP 

ifOPAisj!;^f;ke}B(orPA; 
DPi^fgrlter}^^*"*^"^^^^"' 



S 



BP. 



mm 



i 



I J7 } 



Prcfortious fw the Solving ttefirfi lo Gg 

OUtque TrumgJks. 



Given ,Req,' 
DP 



t irfl, find BA. by the 4di Cdb 
^B : R : tBP: tBA. 
Then by the id Riik 
SBA :2BP::SDA:SDP. 

^^^Ai, {2^JCPA)£B 
chenBDis^ ^ ((^adniit. 



BP.BD.B. o bird, find BA. btf tle4tliCiic^ 

SB:K: :tBP:tBA. 
Then hy tbs ^d Rale 
S.DA :S.BA: :T.B:T.DL 

f BAis^^^BD. droD 



C like 
^' 1 unlike 



B. 



^ 
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7ht aBud Sttmtkmtftbt 

Ciffu IB Numitrt. 

PJ^e VL CvTe i. Giren Ef=u^ 5cm. 7 
/y. IV. DP=zs 30 > Rcqd. D. 

8=30 07 2> 

S.DP : S. B : : S. BP : 5. D. 

S. B 9-7004981 
S. BP 9.7567815 

Sam 19.4573796 
Subft.S.OP 9*^339844 



Rem. 9.8232952 thcSineof D I ^\^' \f^* 

*^ iObtufe. 

Tlatc VI. Cafe 2- Giiren BP=:4od. ocm 5 
^if-V. ^ B=8o 00 ^Reqd. PD. 

D=47 10 5 

S,D: S.BP : : S.B : S. DP» 

S. BP 9.8080675 
S.B 9-9933515 

Sam 1 9.80 1 41 90 
Suba. S,p 9.8653021 

Rem. 9.9361169 tl^Siueof PD— 59d. 411U. 



C^Ss 



(59) 

Cafe 3. Given Btzz^^A. Bom.? pw^vt 

Firit R :SB::T,Bp:T.BA, 

2g B. 9.9607)02 
T.BjP 9.9(61045 

Sum 19 876S347 
Subft^ R icooooojo 

Rem. 98768347 theTangeotorSA, }6d« 59m. 

Then by the 9d Rule. 
S3P:SBA:: SOP : SDA. 

2BA 9.9^>«4438 
SDP 9.9061 107 

Sam 19.8085545 
SubfL^gBP 9*8874061 

Rem, 9.9211484 the SDA=:}3d« 3011L 

according as the peqicndirnhr Uk, widiin or widlea^ 

the Triangle. 



Caie 



( do y 

Ofe 4* fiifoi dK fine as before. Required F^ 
Rrfl»SV- ^ ' tB: T.BPA. 

tB ia35 14169 
San 109^141^ 

Rem. 104640108 the Tang, of BPA 7 id. jm» 

Tben by the 4th Rule, 

T-DP : T.BP : : JgBPA : ST^PA. 

T.BP 9.916104$ 
S-BPA 9S"5397 

Sum 19427^^ 
Saba. TJ>P 9-8665644 

Rem. 9.5610798 theSDPA, 68d. 40111: 

aocotding as the petpendkiUtr talis mcbia or without 
the Tiuiig1& 



J , 



Ct^ 



a • 

Cafe 5. GiTcn BP=6o. 10 J ,^ ^ 

» 

R. iox>oooooo 
tB. ic,076i86$ 



Subft. S ^« 9*^9^7745 

Rem. ia3794ttettwffM(MtorBPA. 67^. 31' 



Then by tbcBrftRuK 
SB. S,BPA ;:2D,S,0PA. 

S, BPA 9.96^1416 
S D 9.8080675 

^ Sum 19.7732101 , 

Subft« SB 9-8849)40 

Rflns. 9*MS9)6f %DVhzz^4^' 

Then the Sum of I ^ JJ J ^ fi?. 118.06 P. fincc the 

Angles B and D are of the fame kind ; but if they had 
been of diflferent kinds, the difference of thefeJwo Angks 
would hare been eqaal to ?. 



Caft 



t 

Cafe 6. GireD the fiMiK If before. Required BD. 
Firft,;gB. R: -.tBP.tBa* 

R. 10.0000000 tUti VL 

tBP. 9-75*5 »7o ^g^ VIU. 

Sum 19*758 $170 
Sttbft*;gB« 9.8842540 

Rem. 9.8742630 tIieTBA=:53iL lii 

Tben by the 3d Rul^ 

tp. T,B::S,BA.SiDA» 

T,B. 9.9338135 
S,BA. 9.903 ?923 



Sam. 19.8272058 
Sttb(LT,D* 10.0761865 



R.em. 9751019} S»DA. 34A 19^ 

Therefore the Sum of J ®^^f- *J^'| ©«• 87^. 30^ 

:^B D finoethe Angles li axid D are oHbe Suae kind, o- 
therwift their diff. = B O. 



Caft 



' t 



Cafe 7. Giren B Pr: 6od.toy •• ^ «• 

B= 40. ioS>Reqd.D ^r"j?' 
P=:n8. «i *«• «*• 

FiH^ SBP. R: :t,B. T,BPA. 

R. laooooooo 
tB. iao76i865 

Sum 2010761865 
Sobft. gBP. 9.6967745 

Rem- ia3794i jo T,B P A=:67i 2 1« 
Then BFD^BF A=D P,A=5oA 45', 
Then by cbQ Firft Rule. 

S,BPA. S,DPA: T^B^gD. 

S3 DP A. 9.8689612 
0^B. 9*8842540 

I I M I ■ 

Sum 19*7732152 
SubS.S^BPA 9^9651426 

Rem, 9.8080726 =5 S D 5: 5oi oo\ 

{/a/ff VI. Cafe 8. Given the fame. Requited DP. 
Krll,2BRR:.^B. T,BPA. 

Which win be Found asbeforei 67 d 21V and Wfe- 
qucntlyDPA. jcrf. 45 ». 

I 2 Then 



Then by tbe 4tli &ak« 

38BPA 9-5'«15741 
T,BP }Q.24i4$3o 

Sam 19.8270575 
Subfi. %D?h 9.8012015 



Rem. io^2s856o T, DP 9; 4«. 49 in. and 
mull be lefs than a Quadrant, b^a^fip D P A is oi A« 
iame Kind with B, that it of t^e dme Kind with P A, 
otherwiie P p \fould h»vf |)^n j^ipxe tluQ a Q^rant 
by the 5tb iS'(7/::ifia0> 

Flate VI. gab $r« (SVren B Ptt:6Q/> icT 7 

^(e. XL 8=40 00 >Reqd. PR 

Firft, SB. R: :tBP. tBA. 

Which wUl be found as in the 6 th Cafe from the Data 
53d* iim. andconfequently D A z^ 344* 1991L 

Then by the 2d BLuk. 

SBA. gPB:: gOA- SPP. 

SBP 9.6967745 
' g6A 0.916945$ 

.^ .Sum 19,6137200 
Subtt. ^BfA. 97770128 

Rem. 9.8361672 gbP=: 46d. 43m. 
B^caufe DA {s lik? B^ or PA, Qfbpxvrifc i^ ir^l^M b*^ 
betft 'gffcafet than a Qiadraoc 






Cafe 



• ( 



Cafe 10. Givep w More tr fiii D« 

1. BA, at ifl tbe 9Ch aoi 6di Cife^ ffom flMe VI. 
thp(amei>4f^ trillbeioan4 f3^ iiJiktnd Ijf. XU» 

Then by the 3d Rule, 

* 

S,DA.^BA.-.-T,B.T,D. 

S, BA 9-903 J92} 
T,B 9.9238135 

Sum 19.8172058 
Snbft.S^DA. 9.7510991 

Rem. iox)76io67 T»D« 5od. oom. 
for hcfl BA it <Ich8n BD^ and confeqaemljr B «ad D 
areliko. 

LEMMA V. 

The difference of the Verfed-fines of twe Arqs at half R, 
=: S. of half the 8am of thofe Arcs multiplied by the Sine 
of the half the Diflfeoeoeeof ihd Arcs. 

Suppofe thie ttvo Aici AFs AE* the di£ 
of the Verled-fines, AG ^ AH s HG :s i^g^ XII. 
£B the SiM of the I Z of the Am i» AD Pht$ VU 
thie Sine of the j^ X of the Arcs in FO, now 
the Triangkf ACD, £FB mtc iimiltt, tbefeioro AC, 
AD: :F£. FB^or half AC« AD:: { FfiCJFdX F8^ 
therefore^ ha)F AC « FBsF O v AIX 



AXIOM 



i66J 



A ^ I O M IV. 

TbcReftaqgle or Pradaa of the Sines of the l^gs, is 
to the Squaxe of the Radios^ as die dUFerence of the 
Verlisd Sines of the Bale^ and of the diflexttce of the 
Lcp^ is to dK Varied Sine of die Vertical Angles 




its Legs, V/\ i .^uetothc 

Plane BA, tfeb^Vj ..riangle. 

LetfaUP^ peir^..- - < ' j? ^-ei*&jf perpendicular 
to C <t, and Pb perpendicular loM, and mL perpen- 
dicular to CA, therefore p^ is perpendicular to CA, 
and ^Ln^A— LA=V Bafe~V diff. Legs. 

Now AE,AC::*L.ffi»7 ^^ multiplying the 

cbrrefpondent Terms of both Profertions. 

AExmF.ACxifiCz; (bLxCm. Cmxyd^ : ibl^ 
y fit. 

Now thjt A E. AC : : bUCm will be evident from 
the Sii]pilit;ude of the Triangles AEC^DLwyDbC. 

There- 



' 



\ 



r 



Tbeitfore /^E. AC : .* (DL Dm) : : h L ftiw^tfaner. 
AE. AC::i^L. 0«p,aiii tbit «rF. «C:; /iiv^^wil 
be evident from the ConftniAion of Ae Fignic, the two 
Right-angled Xriann^ B F ^, ^r Cjr are fimiltry and 
therefoie, 

PF, Fil: :^C. iy 
i.e* mFmVfiz i^C. ey 
thcref. «rF* «rF--F/l: :*C *C-^jp 

and coDfequeodj fliF. «C: :Cal^Jr«• 

Cafcvii. The tbne fides QfaigrSpheiie Triaqgib 

being given to iind an Ai^gle. 



S.M»S.»:Rf«*.*S.|B-t-|dilF. ;rrx&|ftaie 



tm 



<\iff. r r. Sf I Angle, DeHk AExaaP. Rf :x(brthe4C!i 
Axiom;^ L. J A : :^Lx| R. j^x f R (that nhy Lem* 

MM 5th and ift) : :Sf Bafe-ff di£ «r xS| Bafe— | 
diff. ? r^Sf f Angfe. 



Given, Bp. 6oi xtf^ 

DP. 46 4% > Rc^P. 
BIX 87 |6 3 

UftfaeBafets 4>I 45^ 
|tfaediCord»fideiis 6 44 

{BafeHpiCfr. ti 37 01 



Rf. 






«■« 




Sam ^.66602 ftffe 
Su)>iL S» m X S. » i$.Soo3 5 34 

Rem. 19,8666791 
Sf of MF tlie Afij^ P, t*e haTf of wbish 9.9535 39$ 
tttk Sine 594. et^r. haRthe Aogfe icqitired, which be« 

COROL L 

«r, % the Leg^ of the Angle required h the 

Tken» & «nc& n : Rf : :S. f «- ixi 4( & t^Hi^ : Sf of Mf 
the Ai|fle» 

SMfxSn 

DZflKf jMrefcribes thts following Rule, hy two Propor. 
tioi% which come% to the fame i 



S%m 



Theo, S-n 



\ S.m J 

^ >» xS .n 

/ Rf ^S.^"— «rxSr^ — «• 

Ha C^x &=: Sf i Afigk =: 



S, iw X S, » 

COR* 



(69) 

COROL. II. 

Putting /t^z: Complement of m. Bunter i^rolrcs tbe 
nth C^le hy this fingle proportion. 

For by the fourth Axiom. 
And dividing the ift and 2d Term by S« fl^ 



S.w : 'T^ — ^n 



f.(="): 



SBc/> S./u-1-ir: V, 



ThereC & m \ cn\ : gB</> ^./x-J^ti : V. 

The three lad third Terms being only different Deiig-. 

Da^ipps pr t^ i^me Qe^Qtlty. For thaeVBcoV^o 

= 2BeQ;g,«»-^if, is evident on Infpcaion of the 

F^urej and that Ig Bi« S,»-^»=:;gB</i S./ix— » 

will be evident, if we prove that g iw — . b :;: S. ^^[- », 
whicrb may be donethusj 

Suppofe y =: a Quadrant, Then the Complement of 

«» — wis ^ — fl!i-j- ;j^ and in the room of ft, putting 
^ ^ m, to which it is equal by ffj/f9tlefis» S. /x -J- » =i 

S.f — »i-t-», the Arcs be equal, the Sines are equal. 

K COR 



C O R O L. III. 

S.mxS.n : Rf : : VZrf— V : Bafe v, of the Angle, 
being a Propofition like the 4th Axiom. 

For refuming the latl Figure, leduce the Plane B P 
to the fame plane with B A, fo that thej^ may make one 
Circle, and let fall P ;i perpendicular to AC, then ^a:= 
A A — BA, that hV.Zc r^W. Ba(e ; but 

A£ : AC : : hk : ^P7and multiplying the 

and «rP : K: : fiP: v. iCorrefpondent Terms. 

1- 

we have A£zx»F:Rf : : /SPx^a .v/SPxv.and divi- 
ding the ^d and ^tb Term by ^ P. 
we have AtxmF : K^ : : Bk : v. Angle required, 
or S- MX S. n : Rf : : ^ A : v. 

Now that AE : AC : : A X : p P will be evident from 
the iimilitude of the Triangles AEC, D ^ P, D P a. 

Therefore, 

AE:AC: :Dh : D^ : : Da:DP: : D^4-Da.-* 
Dg-l-DP. i.c. Aa:DP, 

Therefore AE : AC : : ^ a : D P. 

And that iw F : R : : ^ P : v. ^vill be evident from the 
Jimilitudc of the Right-angled Triangles fi¥J?,j C^. 
ForFP :C^::Ffi:Cy : :FP-|-F^ : C^4-C/. 

'' e. : : $P : y ^. 
and becaufe FPzzmF, andC'2?=:R,andj'4r=:v* 
Therefore w F : R : : /g p : ^ of the Angle. 



This being prov'd, hence follows. 



C OR, 



C70 
C O R O L. IV. 



S.«rxS,»:R^::S.|Zrr + |BafexS.tZff— |Bafe 

= Sf f Angle. 
Forby thelaftCorol. S.mxS.0 : R : ; *A : v: :^ Axf R • 

V X f R. (i. g, by Lem. ^th'aBd2d): :S.f Z^r +f Bafe 

X S. fZcr— |Bafe. : g f I Angle. Hence, 

» 

C O R O L V. 
C O R L. VI. 



S, ^ap S.^— B : S.^ — mxS.:( — n : : Rf : T^ half Angle. 
For by the 5th and ift Coroll. 

S. X xS. X ~B .• ? f fArch : : (S.mx S.» : R?) • '. S.^^^m 

xS.^^n : S^ half Angle. 

Therefore S. ^xif — B : S.^— wa: S. ^^-/i : 

' Sf half Arch : 5^ half Arch. ^ 
But becaufc g : S : : R : T. 
. Therefore, 

S. X xS,^— B : S. ^-^w xS.x^n: : R^ : T^ half Arch. 

C ORO L. VII. 



i S;^— w^S. ^— » : S.:f xS.ij; — B: : RftTf half Angle 
t This follows from the lad, and becaufe T : R : : R : r- 

t^ K. 2 GO R 



C O R O L. VIII. 

VZ^VX : 2R : : VB--VX : VL. Or, 
: VZ— VB : v* £. 
VfUch is thePraaice of FoQer^ with his Une of -Ver- 
ied fines. 

DEMONSTRj^TION. 

By the Fourth Axiom. 

VB-VX : VX : : S.«:«;;S.» : Rf : : (by Cor. 3/) 
:VZ— VB : V X : : the Sum ot the £rft and iifth Terms 
' Sum of the feeofid and fixth. i»e* : : V Z — V X 
. 2R. 

9 

C O R O L. IX. 

;gZ<«SX : R : : SBwgX : Vt. Or, 



3g^v5 S. /w-V-» : R. : : gBcwS./i-j-B : \L. 

This follows from the elgbtb Corollary^ and may be _ 
fily underftood from what is (aid in the Explication of the 
fecmd Corollary. 

But here Note, That if the- Sum of m and » be 

S greater \ ^^" * Qswdranf^ the g of the Sum 

muft be underXtood as < j^gg^jiyl^^ > and added , or 
fubftrafted accordingly. 

^ CASE 



• 



I 
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Cafe xn. 

7%e Three AwgJes hii^ given ^ tpjbid a 

The Ai^ks adjacent to the fide required, catt txg^ 
and the Angle oppofite cat] the Bafe -, then work s ia 
the nth Cafe. 

For fuch is the Operation in the (Uppleitietilal Trf- 
angle, whofe Angles and Sides are equal to the fapplD-^ 
inencs of the Sides and Angles of the triangle prapMii ; 
and Arcs and their fuf^Iements have the fame ^ines and 
Tangents. 

Cf the feveral Methods for the Solution ef tbi 
lith Cafe^ mentioned in the Ninf CoraBariet 
from the 4th Axiom ^ the Reader need emfy 
commit fome one of them to Memory for his 
tonfiant Vfe : Such as Cor. L and Cor. V. 
Jhe refi ieing mentioned only that the Reader 
may know the Reafon of the feveral NUtbods 
, made Vfe of ty different Authors. 

So likewife the LemmaV and Rules fiBowhig 
are not to be thought of Abfolute Necefjity^ 
fince the Solution of aB the Cafes may be foi^ 
vM by what has bten done before^ they being 
( as before ) infer ted to give tSe Reafon ^ 
other Rules for the fame Purpofe j whicb 
a Theorift would not willingly be ignorant rf^ 



L E M- 

I" 



( 74 ; 
LEMMA VL 

The ?ain of the Sines of two Arcs, is to theDiflTe- 
Ktior of the Sines, as the Tangent of half the Sum of the 
Arcf is to the Tv^ggootof half the DiiFeren:e of them. 



ZSncsl Ar»: XSinw : : T.|Z Arcs : T. f XArcs. 
Let the two Afcs be £A> FA, (in rhe Fig. to Zem V,) 
then twin be, 
£G-fFH:EG— FH: : EG-j-FH: EG--FH. 



«■ 



2 2 

i, e #«:#/:: #L : e^F ::» M* :« K« 
Theief.#ar: oj : : »M : UK. q.e.d, 

LEMMA VII. 

Z Co- fines : X Co-fines : ; t | Z Arcs : T. f X Arcs 
If the Arcs arc left than 90 Degrees For in the fore- 
iTKrntioned Figure, the two Arcs being AE, AF. GC 
and C H are their C)-fines ; it will be 

CH-}-CG : CH— CG : : CH-|-CG : CH~CG. 

2 2 

i. e. cm : »H : : 'yO : oF : : VN : NX. 
7hert.f» : «H : : -ttN : N K. 
But if the Ar>s are bigger than 90 Degreeip, 
Z i o-fipes : X Co-fines : : T. | Z Arcs : t f X Arcs, 
The Tangents of two Arcs being reciprocally proporti- 
onal to their Co-ckngents, by the tbird Lemma* 



LEMMA 
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LEMMA VL 

Tbe Fniii of the Sines of two Arcs, is to the Di/Fe- 
frnorcvf theSincs^ as theTangencof half the Sum of the 
Arcs is to tbe TtfigpDtof half the DifFeren:e of them. 

XSmsa Aiw: XSines : : T.|Z Arcs : T. f XArcs. 
Let die two Arcs be £A> FA, (in the Fig, to Zem V.) 
tlicn twin be, 

£G+FH:EG— FH:: EG + FH: EG^FH. 

2 2 

1. c #« : #jr : : #L : ^F : : » M* : « K. 
Thcicf •«: 4fj : : »M : jbK. q.e.d. 

LEMMA VII. 

Z Ovlines : X CoL.{Ines : : t f Z Arcs : T, f X Arcs 
If the Arcs arc left than 90 Degrees For in the forc- 
riK-ntioned Figure, the two Arcs being AE, AF* GC 
and C H arc their C>iines ; it will be 

CH-}-CG : CH— CG : : CH-|-CG : CH— CG. 

2 2 

i*e. rir : »H i : t^O : oF : :VN : NK* 
Jher\.€u : «H : : ^N : NK. 

But if tbe Ar^ are bigger than 90 Degree.f> 
ZC'o-fipes : X Co-fines : : T.| Z Arcs : t |X Arcs. 
The Tangents of two Arcs being reciprocally proporti- 
onal to thtir Co-tkngents, by the tbird Lemma* 



LEMMA 



( 7i ) 
L EMMA. VIII. 

2 Tanger.ts : X Tangents : : & Z Am ^ S. X AfCfc 
Lctthc ArcsbcNA, NE. 

Pi» : K »f : : EL : FL: : EG : FH. 
Thercf. P iw. K «,: : Ea FH. QJtD. 

L E M M A CL 

S. Arc=S.haIf ArcxSbalTArc. 

For inF/^. lo. PW^ the ift, Aj^ F« : : Bi^ half FB : 
half R. the Triangles A E B, F »B, are fimilar. 

Thcrf. AE=:B»+F»=&halfArcx2l»lfATC 



fPB IR 

LEMMA X. 

The Sines of two Arcs A, E, arc proportional to 
the Reaarigles under the Sines and Co-^fines ot their 
half Arcs. , 

S.A. 5.E : : (by the ^intblMmmd) ^.|AxStA. 

- R. 



iR 



LEMMA 



LEMMA XI. 

Tbe Tangents of two Arcs A, Et are proportional 
tm dfee RoAaogles under the Sinti and Secants oi thofe 



i. e. T. A :* T* E : : S. A x/. A : S. E xf. £• 
I.A:T. E: : S. A xR : S,EjcR. : :S.AxS£xR: 



JSA SE 

SLE«SAxR::S.AxS£ : 6. £ x ;g A : : S. Ax/. A 
& Ex/. E. 

by the fmrth Zimma, the C!o-fines of two Arcs am 
icciprocally proportionid to their Secants* 

R iJ I- E V. 

Tir Tangents oftheBafes are proportional to the 
Tma^nts ot the Angle at the Vertex. 

fig. XV III. For by the ficond Axiom. 

T.XBPA : T. JBA ( : : R : S. PA) : : T. DPA : T. DA. 
Thercf. T.BFA : T. BA : : T-DPA : T. DA. 

R LTL E VL 

SwZCr : S.XCr : : t half ZX L at the Vertex : 
X^balf XXZ at the Vertex : : 7 half XXX, at the Vertex 
' T, IjftU 2XX at the Vertex. j 

pgM0NSTR4TI0N. 

For, by the /ocrrfA Rule, 
. T.BP : T. DP : : gDPA : ^^BPA. 

There^ ^ 



C 77 ) 

XfacreiofCf 

T.BP-t-T.DP : T.BP-T.DP: : IgOPA+gfil^AJ 
2DPA— SBPA. 

That is by Lsmma VIIK an4 VII. 
As S. ZCr. : S. XCr : : T half ZLL at the Vertex : T. half 
. yiLL^t the Vertex. * 

R U L E VII. 

t. half Z f r : T. half Her -. : T. half ZXX at Bafc : 

T.halfXLi atBafe. 

Therefore, , 
T hatfZ r^ : T half X cr : : T. XXI at Bafe : T. hatf 

ZXX at Bafc. 

DEMONSTRJTI K 

For, by the /£iri Axiot^^ 
S.BP : S.DP : : S. D : S.B. 
. Therefore^ 
S,BP-1-S.D? : S.BP— S- DP : : S. D^J-^ B s S. » 
~S.B. 

Therefore, by they?x/5X(MrMr4, 
T. BP + DP : T. BPwDP ; : T. D+ B : t. Dv>B. 

2 2 2 2 

R U t E VIII. 

T half ZXX Vertex : T. half ZXX Bafc : : T. half 
iXX Bafc : T. half XXX Vertex. 



For, by the firff Rule. 
S,BPA : S.DPA : : gB ; ^D\ 



Thete- 



(7»> 

Xbcfciofc^ 

S.^Pil+DPA : S.BPA— S.DPA : : ^B+SD 
SB-gD. 

• Tberefera by Lemma VI, VII. 

T, EPA -V- DPA : T. BPA/^ D^ A : : t B -|- D. 

. 11 r- - ■■ ■ - >i ■■■ I ■ ■■ 

a 2 2 

T.BcrtD 




TbcrSn. T.B</>D : T.BPAWdPA : : /tB+D. 



2 2 

T. BPA+DPA \ : : tBPA^P?A : T. B + D. 



■« 



) 



P R O B L £ M L 

/« any Sf baric Iriat^Je B P D. GiveH the 
AugU ?, and the S4es B P. 0P. 7a find 
the fwo Angks a* the Safe. 

S. half Zfr : S. halfX er : : t half P : T. half Xt£ Bafe. 
And glialf Z^r : )§ half X;r : : r half P : T. half Z£L Bafe. 

DEMONSTRATION I. 

Riile 6. S. Zcr : S. Xf^ : : r f P : T. | XLL Vertex. 
Rule 7. 1. halt Zf r : T. half Xcr —. t. half ^'LL 

Bafe : T. half ATLL Bafe. 
Rule 8. T. half Z Ang. Bafe : T. half JT Aug.. Vertex : : 
t half P : T, half X Apg.Bafe. 

Therefore, multiplying the Homologeus Terms into 
each other, and dividing the id and 3d Froduas; as 

likewife 



y 
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likewife the li and 4th by what is an e^oal Component 
in each 1 and vre have, 

&Zfr.xT.hk\fZ,er : S.XcrxT.UUX^ : :rf half? : 
T^ half XXX Safe. 

Therdlire (fay ^MPin i.) 

Sf halt^cr : Sf halfXfr : : rf half P > Tf halrtCXX Balef 
And therefore the Hoots of thefe Quantities tit Pro» 
portionaL 

S. halfZrr :S, half Xrr: : t haU P: T. half XLX Bafe, ^d* 
£} E MO KSTi J T 10 N IL 

By Rule 6. S.Zcr : S.Xcr : : rf P : T.f XXXVcrtci, 
Rule 7. T half Zcnr half Xcr : : T. half XLL Bafe. 
: T. half Z/,L Bafe. 
Rule 8. T. half XXX Pife : T. half XXL Vertex : : 
rhalfP : T.halfZXCBaic. 

Therefore, multiplying the Homologous Terms into 
eatfh other, and dividing the id and 3d ProduAs ^ as 
likewife the id and 4th hy what is an equal Componenc 
in each, we have, 

S.Zcr. xThaAfZer t S.Xrrxrhalf Xrr : : Tf half P: 
Tf half ZXL Bafe. 

Thetefcre (by Lemma II.) 

S f I 2>r : 2 f.l Xfr : : Tf f P : Tf half ZLXBafc. 

Therefore, 
;E;f Ztfr : g I If r : : T ^P : T i ZLX Bafe. Q^ED. 

This Scmonflratioh fuppofetb P =: Z^L at Vertex ; 

that is, that the Perpendicular falls within the Triangle j 
but the faW proportions wilVadfe, if k falls without. 

La PROB. 



P R O B L E M II. 

Jb (mj Spbaric Triangle let there be ^iven tw0 
Angles^ ivitb the interjacent Bafe (or Jule 
included between thofe Angles 3) To find the 
^ ptffer two Sides, and the remaining Angles 

S.\ZLL: S.iXZL : : T. iPafe : T. f Xrr, 
S|ZXX : {g|XZX : : T.| Bafc : T. \Zcr. 

The DemonftraUon may be performed by the fame 
Xfflunr/sand Rules that tte preceding was ; but will be 
needlefi, if you cfaaneetbe laft Triangle intonts Supple-* 
'mental* 

R y L E IX. 

In any Sphaeric Triangle having let fall a rerpendicu--i 
lar Arc from the Yertcs to the Bafe, it will be 

T. half ZScgm. of the Bafe :'T. half 2>r : : T. half 
Xrr : T. hali 'X Segm.of the Bale. 

For, by the fe^ond Rul^ 
gBP : gDP : : S^A : ^DA. 

Therefore, 
I^BP+SPP : SBP-igDP : : ^gBA+gDA : 
!SBA(/)JgDA« 

Therefore, by Lemma VII. 

T |Ztfr : T- |X^f :. : T 5 Z Segm, : T. f XSegm. ^ 

Therefore, 
T. I X f r : T. 5 X Segm. (: : r ^ :f,cr :r kZ Segm,) 
: : T. half Z Segm. : T. half Zcr. 

PSOB, 



( 81 ) 
. , PROBLEM III. 

Suffofi there are given the Three Sdes tf 
a Sfherkal Triangle^ to find an Angle. Having 
imagined a Perpendicular let JaB to make pm 
Jtighhangled iriahgles. 

T. half Bafc : T. half Zr r' : : T. half JC^r : T. F. 

ThcnF4-halfBafe = JggJfJ Segment, and if 

F 2 half Bafc, the Perpendicular falls J Jjjjy^*! the 

Triangle. * 

Then R:tBP::T.BA: :gR 
R: tDP.:T, DA : gD. 



F I K I S, 




C8»> 



O F 



Sterebgraphic Proje^on 



O F T H E 



SPHERE 



QiTtteoffraphic tro^eStlon is a Branch of PerfpcBivfy 
1^ which tcacheth us how to draw the Appearances of 
the Circles of the Globe, upon a Plane pafling thro*, 
the (!^cnter thereof; fuppofi g t .cEye intheSurface of the 
Griobe in the Pole o^ the Circle on which theTrojeftion 
Is to be made. And here the iirfl thing that ought to be 
done, is to prove that the Reprcfentation of all Cifcles 
defcribed upon the Surface of the Globe (whether great- 
er orkifer ; (hall be Cir:les upon ibe Plane of the Pre— 
jedion. In order to which I prenniethis 

L E M M A. 

If a Scalene Cone, ABC, tvhofe Bafe^ 
is a Circle, be ctft by a Plane paffirg thro* Plate VII. 
th(j Vertex A, and Center of the Circle Fig. I. 
of the Bafe ; making a Triangle ABC, 
( the Plane of which Triangle being perpendicular to 
the Plane of the Bafe of the Cone.) I ^^y, that if this 
Cone be fuppofcd to be cut by t\Ap other Planes ( per-» 
pendicular to ijic Plane of the- Triangle) the one parallel 

to 



to tbe BaCe as F 0« the other E D, fo as to make tbe 
Triangle AED, fimilar to the Triangle ACB, the Cur- 
vittes FHG> £HD, fhall be Circles, as is PiV^ kj 
foBoniuSy Mjfdorgius, and other Writers of Cblnri. 

PROP. L 

If from the Eye at A, plac'd in the Glohe^s 
ciesy there be iafinice Right Linos imagined to be ^ 
duoed to the Periphery of any Circle (fmatl or g^rcat } 
B C, dcfcribed on it, thereby making a co- 
nic Superficies, I fay, the common Interfe-i* PS^ie VII, 
^ion of the Surface of this Cone, with the /^iI»IIL. 
PUne of the Circle EO (in whofe I o!e the 
j^ye is placed) or any other Plane DC, paralkl to it» 
ihal] be a Circle. 

DEMONSTRjfTlONi 

The Triangle A B C> is the Seftion of the Cone tlin/ 

its Vertex and Centre of the Bafe. Now if we prove 
that the Triangles ABC, and AC ji, are iiJiilar, tbe 

Propofition will be manit<:Il. 

Now the Arc D A — C A, therefore the Angle A EC 
zt \C fiy byth&2Qth o^the Mr 4 o( EtdcJld-y apd tb^ 
Angle A> common to both the Triangles, tht^rcforc thi^ 
Triangles ABC, and A C^ are fimilar- Ard thei:eibre 
by thtLemma^ the common Se£^ionS| Cj3, and <;^^wbid| 
is parallel to it, ihail be Circles. 

c o a o L. I. 

From hence 'tis evident. That if the Circle 0o tie pn»- 

jcfed, be pirallel to the h'laneon which the Prujcjaion is 
drawn, its Reprefentation will be a Circle ; tor the Gene 
is cut by a Plane parallel to i(s Bafe. 

It If it he any way Qh)iiM& to the Plane «f the Pm.- 
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jeBion^ its Reprer;ntaCion will beaCtfcle, Cnce the Cose 
will be cut according to the Lemma. 

IK. Biff if the Ere he in thtFlane of any Circle^ itt 
ReprefentatioD will be a right Line, the Lines drawn 
from the Eye to the Periphery being in the fame Pl0$Be, 
and the commOD SeAion of two Piares ii a right Line. 

iV, The Line 5r, is the, proje^cd Diameter of the 
Circle BC, the Line EG in which istfle prcjeftcd Dia— 
ikx:ter, I call with Mr. Ougbtred^ the line of Meafures. 

PROP. IL 

It a great Circle be to he projofted upon 
' PJite VII. tlic Plane of another great Circle, the Center 
Jg". IV. of the projeaed Circle (hall liein the Line of 
Meafurei .^A^zxit from the Center of thepn- 
mitive Circle ( or Circle on which the ProjeBion is 
drawn; hy the Tangent of the Elevation of the faid 
Circle ^bove the Plane of the ProjeBson. 

DEMONSTRATION. 

Suppofe the Eye at A, projeaing the great Circle B C, 
upon the plane of the Circle EG ; the point B, appears 
in the Line of Meafures at b^ fo that Fb is the Tangent of 
half the Angle HFB, thediftance of the Point B, from the 
Vertex, by the 20tb of the third of Euclid^ and C, the 
other Extremity of the niamete;<?t the Circle BC> ap-^ 
pears in the Line of Meafures ^i Cy (b that the Ciftance 
Fcy is the Tangent of half the Angle HFC, theDia-. 
ancc of the Point C, from the Vertejc, the Line h c being 
bifleaed in/, i if i he Center. 

Now the right-angled Triangle h\c, is divided by 
the perpendicular AF, into two right--apgied Triangles, 
^ A F, A r F, fimilar to each other by the 8th of the 6th 
Book of £tiWi^. 

■ Therefore the X3 AF=half BFH = A ^ F - half A i ^ 
Therefore the An^e BFH=: Ai^, aikl confequerttly 

their 



their Comptertteiltsarb equal, v/^. 6FE— FAi. Tliere*^* 
fore F f, the Didance of the Center ot the projected Cir- 
cle from the Center of tbeprimitiye Circle is equal ta 
the Tangent of the Ardh EB, the ^bvation of the Cir- 
cle to be proj?fted to the Radius AB of the primitive 
Circte, q.e,d. 

Mr: Oughtred^tttxmlxUng only b the Appearance of the 
Extremity of the Oiaitfeter above the Tlane of the Fro- 
}edion, gives this ^ule for defcriblng the Circle* 

From H the Pole of the Line of Meafiires make H m 
zz B £=/»», and draw the Lines hm^ A », ^ /hall be 
the projef^ed Pole of BC and i its Center, The Radius 
issing i b:z,i A, which he proves thus, the Angle i i A = 
ihb 

Becattf? the Angle i* A=:^BF + BF^ that is Fa3 
i- F A r, for the Arc H » s= 'y B E by Cpnaruftion. 
Hence Fi, is evidently the Tangent of BE, and A I its 
Secant— bu 

c o R d i: 

Hence the Sjcant of the Circles Elevation fet off in 
the Line ofMeafures from ^, the orojefted Extremity 
of the Diameter above the plane ot the Proje^ion will 
give i itt Center, as Well as the Tangent of that Eleva- 
tion from the Center. 

PROP. IH.. 

If a lelfer Circle whofe PpJes lie In tfte 
Plane oi the Projection were to be projeA Plate Vllt 
ed; the Center of iti Repreientatiohon the Fig. L 
Plane ^i\] be in the Lineof Meafures^diftant 
from the Center of the Primitive Circle by the Seqant of 
that leffer Circles diftance trom it! Pole, and its Sdmidi'^ 
anicccr 0xril bti equal to the Tangent of that DilUnce. 

M DEMON' 



HEMONSTRjiTlOK. 

Suppofe the Vffct Circle (Mffiog throagh the poinCi 
B, C, equally didant from the Pole G, weretobepio- 
je^^ed upon the Mane EG, to the Eye at A. Draw the? 
Lines A B» AC inter(e£ling the Line ot Meafures in 6 
and r, the Reprefcfntation ot the two Extremities of the 
Diam.ter, hiifet^ the Line be in i, then is i the Center; 
upon the poind i with the DlH^nce i h^ defcribe the Circle 
i B^Cf. draw the Lines H B^> FB, and iB, 

The two Triangle* A H B, and c H^F, having the 
Angle at H common, and the Abgks at B ind F rightf, 
are fimilar. 

r 

Therefore XHA B = LH e F 
but LHAB = half HFB 
and XH^F=:halfAiB. 

Therefore X HF B = Lb /B- Therefore the Tri- 
Angle F B i is R^ight-angled at B, and confcrquer.t- 
ly B i is the Tangent of the Arc, EG. the Diftance 
ofthekfler Circle from its Pole, and F/ its Se- 
cant. Q; £. D. 

• > " ' • . 

Mr, Oughtrei only makes TJfe of f the Reprefentation 

of B, and then directs to draw the Radius FB, and 

B i perpendicular to it, touching the Circle B6, provts 

i to be the Center, the Radius, being i ^ = i B, thus 

the Xi^BzzLiB* 

For the Lb-¥ B*-|-BF ^ that is=^B C-^C B i-b^L 

PROP. IV. 

If two Circled C B F* and A B I, interfea eacti other, 
the Angle FBI, form'd by iheni at their Interfeftioii 
ihall be equkl to the Angle C B A, m^de by the Radius 
G B, AB, drawn to the point of theii* Interfe^icn B. 




■ \ / / V A ~^fc 
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DEMONSTRATION. 

To the point of Interreftion B, draw the 
Line OB, a tang«nt to the Circle CBF P.ate Vllf. 
aod E B a Tangent to the Circle A B T. F/^. II. 
Kow becaufe the infiniteiy fimll Portions 
of the Circlet CBF, and A B I do c^inci fe with the 
Tangents DB, af)d BE, and coofequently hare the fame 
Direaion, therefore the Curve lined Angle FBIiz^ttj 
tht right lined Angle formed by the Tangents DBf. 
Now the ^ngle CBD = L = ABE, and uking away 
EBC which is common' to both, tl^ere will remaia 
CBAi^iDBE i.c. — FBL q e.d. 

F R QP. V. 

In Sttteografhic ^o\t^n the Angles made by the 
Circles on the Surface of the Sphere arc equal to the 
Angles made by theif Repreftntatives on the plane ot 
the FrojeAion* 

DXMONSTRjfTlON. 

Suppofe the Eye at A, projefling the 
Angle RBS, upon the plane EF: Let Plate V III. ' 
B D, be a Tangent to the Circle B S and Fig, III. 
B *C, to the Circle B R, to the commoo 
Point B: The Plane E F, and like wife the Plane * 
made by the Tangents B D, and ^ C, are both per- 
pendicular to the P/«»ff of tl^e Circle BQj^, and their 
ooinnaon ScAion'DC, will therefore be perpendicular to 
the Line E F, produced. 

The Eye at A, projtfti the Tangent BD in FD, and 
the Tangent BC in FC' 

I am now to -prove that the Angle CBD, madrtiy 
the Tangents to thefe Circles on the Sphere, i$ equal 
<o the Angle C F D, made by the projected 1 angent? 
on the Plane of the ProjeStha* Draw BQ^ parallel to 
E F, and joyn A (^ 

' M 2 Fo? 



(a) B7 22«a. Forthe Ai%b D BA =: AQB, =;: 

^ Euclid. V. (*) ro (^) 

(5)21.3. AB(^:nBFD:=:DBF. Thcrcf. 

<iO ^. I. BD=:DP. 

(0 6. I. Then in the Triangle CDF. 

if J 4. I- CDB, CD, DF = CD, DB, and 

the Angles CDF, and CDB, both 

l^ight. Therefore CFD =: C B D, f . c. i 

Amtber Demonflratm hj Mr. Halley* 

Let EBPL, be any creat Circle of the 
P/tftf IX. Sphere»£ the Eye placed in its Circumfe- 
JF^. I. " fence, CTit'i Center, P any Point thereof ; 
f nd kt F C O he fuppofed a Flaw ereaed 
at Right Angles to (he Circle EBP L, on which FCO 
the Sphere is to be proj^cd. Draw fiP omfling the 
Plane FC O in p^ and f fhall bs the Reprefimt^ion ot 
the point P ; to the point P, draw the Tangent A P G, 
and on any poirt thereof, as A, ereft a Perpendicular 
A D, at Right Angles, to the Plane E B P L, and draw 
the lines PD, AC/ DC : Then the Angle A P D ftall 
be equal ^ the Sp^ierical Angle contained bi^tween the 
I'lancs AFC, D PC; drawalfo, AE, DE, imerfefl- 
ing the Planes FCO, in the points 4 and ^ yvhich will 
be the Repreientation of the points A, an4 D; join ad, 
pd, I (ay, by the Triangle 4 Jp, is fioiiUr to the Trian- 
gle ADt'> and the Angle apd, equal to the Angle Al^D 

draw PL, AK, parallel to JFO, and by reafon of 
the Parallels, ap : ad : : AK : AD. but (by the 32A 
of the tbird of Eucli4) in the Triangle A K-P, the 
Angle AKP=3£.PE=APK=:EPG: Therefore 
Ihe<i4c AK=:AP, ^nd ap : ad : : AP : AD, Hence 
(the Angles DA**, dap^ being Right ) th? Angta 
APDz::^ p d ; thaj is, the Spherical Angle on the Sur^ 
face, is equal to that on the Projedkion. ^. s. 4. 

. PROP 
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All the lefltr Circles wbofe Poks Ve oot In tbe plane'oii 
which the Proje^^ion is to be mt^dc, irc projeded, by 
laying off in the Line of NJeafures from the Center, the 
Tangent erf half the iMflance of caeh Extreniity of tbe 
Diameter from that Pole ( of the Circle on which the 
Prcje^^ion is rnade^ oppofite to the Eye, and the Diftance 
of thefe two proje^ed Eytremij^es bift^ed will be the 
Center of the Citde in the ProjeAion. 

• 
fcr Example. 

In Flatf Vlf. Fig. If. Suppofe B C to be foch lefler 
Circle ; Lay oft F i^^equal Co tbe Tangent of half the Arch 
H B, and F r equal to the Tat^enc of half tbe Arch 
HC ; this DiAance bs being bifraed, fhall gire the 
Pemer of that Circle in the Proje^ion. The Reafon ti' 
this ii evideot from what bath been faid in thp Demm^ 
fir at ion of the firfi Prep^fitim* 

PROP, VIL 

All great Ctrclei ( as in Plaie VIL Fig. IV. ) pafing 

through the point h^ ihall have their Centers in the 
Eight Line i L produced ; which Right Line i L, is 
at Right Angles to the Line of Mealures E G, paffing 
through /. the Center oi the Circle A MI, wbiek cuts 
the Line £ G, or it's Repiefcntative Semicircle^ at Rights 
Angles. 
For all great Circles paffing through b^ finoe they will 

cut again at a Semicircles didahce. muft pafs thro' 

tlie projefted oppofite point, that is, through c ; 

therefore 'tis evident their Centers will be in the 

Line IL produced, if need be« 

PROP. VIIL 

< 

If it Were required €6 draw a Circle which fliall 
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pais thrmightbcpointA. and make iny given Angle nri A 
the Circk A^H, fuppofc of 20 -ieg. Laj off i *, equal to 
the Tangent ot lodeg. to the Radius ibi 1 fay, the 
point k is the Center requiied. 

Xo draw the Line t ^ and defcribe the Circle *Rc. 

Tbcn by the fouHb Fr^f. 
The Angle A^ R - i^t — JO dcg. 

, C O R O L. 

Since it hat been proved in the fftb Propofitson, that 
the Aisles made by the Circles on the Plane of the Pro- 
jeaion, arc equal to the Angles ipade by their Repre* 
lentatives on the Surface of the Sphere : It^vill there.' 
fore follow, that if ^ wa$ the projcaed Pole of the World, 
A 6 H, the Projcaion of the Six a Clock Hour Circle, 
and it were required to projea all the other Hour-Circles, 
which makes Angles ot 15, 30, 4< deg. CJr. with tha^ 
Six a Clock Hour Circle; 'tis but putting off in the Line 
i L, from /, on both fides the Jangent of 1 5, 30, 45, 60, 
7 J, to the Radius i^, and you will have the Centers of 
all thofc Hour Circles in fuch Horizontal Prcjeftion. 

frdai what has been demonftrated in ihefc Etgbt 
JPr^cfiticnSy ^twill b«eafy to projear the Sphere iii 
any Pofition: I will now proceed to (hew how to 
meafure any Arch proj^fted, whether great or fmall, 
in order to ivhich I premifc thcfc Zemma's. 

I. EMM A I. 

If a i'/uffcpafs through the Poles of two great Cir-* 
cks^Qy and HO, its common Sf^£^ion with the Sur-* 
face of the Sphere will be reprefented by the great 
Circle Z FN H; and if the two remotefl 
fJate IX* Poles, P and N be conncfted by the right 
Fig. IW Line JP N, and a Tlanc be fuppofed to re- 
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Volve or. thii Line FN at an Axis , and fee the oonraioa 
SbAion of this reviDlving Plane with the Surface of th^ 
Sphere be rcprcfcnted by the Circle P D K. N. I fay, 
that this revolving piaaefhaA] always cuCoflTeqaal Ar-^ 
ches upon thofe Circles S.Q. HO, whofc Poles are 
thus copre^ed between it felf PDKN, and the great 
Circle ZPNH; that is, the Arch DO = Arch K.Q. 
'i^nd likewifd from any two parallel Circiss, bo, and aj^ 
equally diflant from the faid Poles N and ?, that is, da 

For POzzNQ, and the Angle O P D = a^^ K, 

it being the Angle of the Inblination of the two Ranei, 
and the portion of the feflcr Circle POzrNK : There- 
fore thefe two Triangles being in all Caies qualified alike, 
will be unequal ; and therefore D 0^=K Q^; and Hot the 
lame-Reafon the Triangles <iP ^ and f Nik are equal 
and confequently d ozzk-ij, Q. £• D. 

LEMMA IL 

If a Piiwie'paft thfough the Poles of two Plate IX. 
great Circles, ^Q^and HO, its common Fig. III. 
Seftion with the Surface of the Sphere will 
be reprefcnted by the great Circle ZPNH: and if 
th6 two neareil Poles, M and f. be connected by tne right 
Line Np, and a Plane be imagined to revolve on this 
Line N^, as an Axi»y 'tis plane that its common Section 
with the Surface of the Sphere wilt be a Circle, and Is 
reprefcnted by the Circle p\ f, r, i, t, /, in, », f, N. I fay 
this plane fhall always cut off equal Arches in thoic great 
Circles -SQ, HO, whcfe roles are thus conneaed j 
and frbm any other Parallels to therr, Mf bo, equally 
remote from p. and N, between it felf ps, t m, t N, and 
the great Circll ZPNA; but on the contrary fl^e, that 
fc, ^S=MO. ait:=.fo. br—nq. Hi— fQ. For the 
Triangles piES and NOM, pat and H of, pbr and 
N^», pHi and NQ>, may, as before, be mewn to be 
cxaftly qualified alike. And therefore, ^c, Q. E. D- 

• I now proceed to give fome Inftaftc:s in the A6fuat 
pVojc^ion of the Globe upon the plane of the Horiz( i , 

ani 
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and oftb- <eireral Ways of jneafuriDg the Ardbes in cbe 
Prcjeaiott ^ prrje^ed ^ dependirg on die two foregoing 
Lemmas* 

Suppcfe 1 vould profcO the Surface of the 
Plate X. SfUre ufon the Plane of the H^i^m^for 

the Lat'rktde of 5 1 ^ieg* Bomio. ^ 

Defcribe the Circle fN ESW, reprefenting the Ho- 
rizon j thrnugli Zn the Center, draw the Line S Z Ny 
and E Z W, at rig&t Angles ; the Mt repreibnting the 
Meridian of the place, or North and South Azimuth ; 
the other, the prime Vertical or Azimuth of Eaft and 
Weft.. Now becaofc die Northern Pole of the World is 
diftant from the (Zenith or oppoiite Pole to which the 
Eye is placed) ^8deg. 3omin4. Lay off the Tangent of 
its half, vi^. 1 9 deg. 1 5 min. in the Line of Meafures. 
$Ny from Z to / ; then wid p be the Reprefentation of the | 

Northern Pole of the World, by the Eighth Propofition^ 
and the Circles which paifes through the points E p W , 
\^ll be the Reprefentatioh o( the Hour Circle of Six j ' 

9t:d its Elevation above the Plane of the Proje^lipn be- 
ing equal to the Elevation of the Pole, i/^. 51 deg.. 
30 min. Lay off in the Line of Meafures^ Zl*, the Tar- 
gent vf that Circle's Elevation : Then will T be the 
Center of that Circle, bj the fecond P,opfiticni then 
defcribe the Circle E /? W. 

Now to defcribe the Fqua tor, whole Diftance from the 
yenltVi IS 51 deg. 90 min. Take the Tangent of its half," * -1 
t/7^. 2<? deg. 45 min., to the Radius Z ^ ( which you 
may pafily have by the help of a Scftor) and fet it o^ in 
the Line of Meafures from Z to ^, and the Equator iball 
pals through the Meridian N S, in the point a. 

Now the Elevation of the Equator being always equal 
^othe Complement of the iKititude, which in this Q^e 
IS 38 deg. 30 min. Take the Targent of its Elevation, 
and put itoflPinthe Line of N^ca fares from Z. to X. Then 
ihall X bfe the Center of the Equator.; Then dcfcrife; 

- CiicTeE^W, which you may complhitinan iw:culc 
S, for a Ufe hereafter to be mention d. 
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XVIcafares, $N irip^ the Reprefeiiudon of that SorOkrn 
f|old. Let this' irhagiDarjr ^Linc wbtcfa paflei from thsi 
fye to the reaVj^ortbero Pole, be the Line that cbnne^ii 
the two remcteft Poles of the Eq^tof knd' Horizon) "ac- 
<^r(ding tothefirft'iew^tf ; and tn^agitie "a Wane to re- 
volve ttpon that Axis; this Plane {had according to this 
Zemfpa^ cut o^ equal Arches in thofe great Circtes whole 

SWc's are thus conticfted between it iclf and t*he Meri— 
iail N'^ which pafles through the two Poles of the 
Horizon, 'and %\yo Pofcs of the Equator. Noti^ the Eye 
rt the "Nadir is In *be Plane of tttr revotving Planer 
4nd therefore by the third V^offary of the fi^ fripofi^ 
iton, tlie Rcj^rcfentatiofj of that ^ircle 'which jTs'tlie coin- 
Aon S^ftibn of (his revolving Phine with the "Surface of 
the Sphere, wiH'be reprefented to the Eye in the'^coijinon 
§eftio6^ o^ this revolving Plane, with the ' PK«^ of tliQ 
Pfoje^ion- tHatis, (if this ^afie pafles through 30 iii 
Ai'qiiidrant S'Wj lA the Line >ia, if U paflcs througji 
^ d^g. 'in the Quadrant S W» the SeAion is p'6o\ there. 
. fbte « 30,' in the*Equatbr, is cqulvafent to' S 30,' in tlie 
Horizon, ^c. for this revolving Plane alway? cuts tlic 
Line of Mcafpres in p, the Prbieftion of the KortTicrri 

''But wbe.iifl <J»vWe theQaadr;int «e W^ by Liijes <irawn 
•ffoii X, the projeftion of the* Soiithetn Pple tofheeqiiat 
t)ivifiorts"*of the Quadrant WN, The Line upon 
wtlch the Kevbliition^ of the Plane is made, is a Jigbt- 
iSnie drawn fromthe Eye fuj)pofed in the Nadir, to the 
Southern Pole, and produced 'till it meet the lineofMea-" 
futes N S jproduccd ih Jr, the Reprefcntatiori of the 
Southern Pole ; but by the fecond Lemma, a Plane that 
revolves upofi this line, cutsoffequal Archesin fh'^Qua. 
drant of the Equator <e W, and Quadrant of the Horiion 
W N. And therefore a line drtiwn from cr to 30, in 
the Quadrant N W, fhall ^afs through 30 in theReprc* 
f^ntation of ihejQiwdrant of the Equator <r W« 
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Now to divide the Tropic of Careen . 
^; Rr/f, U I ilponld dd it by ineans oi the pxofc^i North 
Pole f , iidce the Tropic of Cakcer i» Aidant ftom tho 
North fote 66 deg. 90 mlm froin the North Pole thcrd 
Uluil be a Parallel to the Horizon prqjeded*. that is 66 
de^. 30 mio. diftant from the nnder Pole of the Ho- 
rizon; in ivhich the £>e is placed, iti Di(la»^ from the 
lipper Pole of the Horizon |is 113 deg. jodiin*. Take 
the Tangent of its half, vi^! 56 deg. 4*, inin^.and put -it 
on the Line of Meifixres from Z to A» Z A fhall be the 
Semidiametei' of this Paraljel ; or the point A ma^ 
be detertsin'd by putting the Chord of 66 deg. 90 mtn. 
frorr £ tow, a line drawn from £ through m, will meet 
the lind of Meafares %ti the lame point A. Defcribe then 
jtbe Circle A B C D a Ruler laid (rom^. to the equal Di. 
vifions of this Parallel. ibKll eat the conefpondent Points 
or Degrees in the Tropic of Canter* jt^or Inftance : ,A 
Line dra^vn from p to 30* in the Quadrant AD, Ihall cut 
the portion of the Tropic of C^o^^rtf 9, in 90 : 5o 
thar n ip, fhall reprefcnt 30 deg. n 60, ffiall repr^fe^ 
6q in theTropicy ^^ 

, . , ,. ^ .1 

.Secondljy If I would divide tHls Tropic bfthi means 
of the projeded Southern P'^le <t; I oonfider that the 
Tropic of Cancer is diffant from the Southern foli oi 
the £c^ator ii3de$« 30 min. 

f therefore projeA a paraflcl to the Horizon as far 
difbtft frOnS the under Pole of the Horiroft> and confe- 
muentTf from the upper Poli or the Horizon|» cr Zenith, 
eddeg; 30min« Therefor* I put cff the Tangefit of its half, 
it^. jj deg. i^ min. in the Line pf Meafufes, froni Z to 
4 ; or pi&t tbb Chord ol 66di^ 3orrf« from W to n?^ a line' 
drawn from E toip, ^all cut the Line of Meafures in 
tflb Uvat point a : De&rih'c the Cird^ dbcd^ fUp'pofe the 
(^jldrdnt c(t^ divided^ a Rulef laid, or a Ljne drawn 
from'T ttf 30, 60,90, inthe Q^dfacntcdy fhlllcut the 
portion c^ the Tropic oi Cancer in the pofines 30,60 90. 

Now thofc Parallels tLEGO, abed, which T^ere 
d^awn for-thte Diviii<^h of the Tropic of Chuc^r, will di- 
fidb the Tropic of Capricorn, vt^. Lines drawn from p, 

N 2 . ta 
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tto tbe equal Diviiiooi of the Semiarde ah ti^ will dt-« 
vide ibe Tropic W x XT, 

Of Linet drawn from t» Co the eqiul Dif ifions of 
the Arch F C H, will do. the Gmr. I have oitiitred Anxt^ 
log them, left ( ibould too mucti perplex the Schennk 
The'bms is to be underilood of any other two Para^ 
kh equally diftanc from the Equator, or any other Cip-» 
cle." ^or having firit drai^n two Paraliek to the Hori^ 
Zoq, rr other Circle on which the Prcje^ios is made, 
by the Tc;*e-mentioned Rules that are necefpiry to 
oieafuie one of your parallel Circles, by lints drawn 
from both Poles : The lame two Parallels will ferve 
to meafure or divide the other parallel Circle at an equal 
diftance. Only here c bfcrve ( as in the Divifioa of the 
Tropic of Caff teem > thit that Parallel to the Horizon, 
which ferved to dj\id(; tbe£ril Parallel from the prbjed^ 
cd North Pole, mull be u(cd to divide the Parallel at an 
equal f ^iftance from the proje^ed South Pole. - 

The Equator ^ a^ bt fides the former Ways given fcr 
its Divifirni, may be thus dirided : Suppofe the Semi-^ 
circle «FGH was divided into t8o equal Degrees, a 
Ruler ;aid upon any of theie Pivifions and the prcje£b«p 
ed North ole ; as fuppofe from 60, or v, in the Qua- 
drant G H, top it ihall cut the Equator <r W, in do, 
which 1 thus demonArate. ^ • 

Letnhe Lines 6op6o, 60 X> Z 60, he drawn, as 
alfo X£, and^E. Aowbecauie that ZX, istheTan-' 
gent of the Elevation of the Equator above the Horizon^ 
Mil* 38dtt3om. atid Zf the Tangent of half that Angles 
Tkerefore in the Triangle E Z X, the line E p, divides 
the Angle ZEX, into two equal paits. Therefore by 
the ^6ird! of the /x^'6 of EucUtl the line ZX is divided 
in the point P. So that Z^ : pi^: : : ZE^: EX. but 
ZE^Zy, and EXz:Xv. Therefore Zp:^X : : 7Ly j 
Xv but the Angle vf^HizzXpy- Therefore by 
the feventb Propofition of the fi%tb of Euciidy the two 
Triangles pXv, and pZy, are fimilar : And there- 
fore the Angk p X v— p Zy» In each of which> taking 
awaya Right Angle, the Remainder HXv, and j^Z 
\V, are equal ; And confequcntjy their Complements, 

13 Xv 
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GXVf and YZS aree^ual: And tbeftfore thisMcM 
thod gives the fame Point 6O9 in the Equator « W ; ti 
If a Line had been drawn froiti the Po*e f, to the point 
60^ or J, in the Qaadrant of the Horizon 5 W. Or Draw 
Lines from any of the Divifions in the Semicircle FGH, 
to T, the projeded Southdrn Pole, ihall divide the £•• 
quator« For Inftance ; Lines drawn from 30, 60^ 90, 
in the Quadrant FG, to -jr, paf* through the Points fo, 
60, 90y In the Quadrant of the Equator « W, as you 
may fee in the Scheme^ and may be demonftrated by a 
Demonflration moreeafy than the former. 

The Tropic of Cancer may be divided likewife 9s the 
Equator was, vi^. by dividing the Semicircle ar 0. 
into'i 86 Deg. and drawing Lines from thofe points thn>* 
the I oinf p, and they will divide jhe Tropic of C^^* Or 
Lines drawn from thoie Points to cr, the Southern Pole will 
do the the fame ; as you may fee in the Scheme, Lines 
drawn from the Points 30, 60, 90, in (he Quadrant r0 
to -TT, pafs thro' the points 30, 60, 90, in the Troplf of 
Qmcer. 1 he fame Method may be uied for the Divifion 
of any Parallel^ ; The Demonftration being like the for- 
^ler, I therefore omit it 
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. dieSUr to i ' lanfe t^ng th'rotf^H th^ Cen- 
ter of the S^hefti pbfltfcd m a Pe'r{)erdirulai' 
to tjiae PM^ eteafei f fofn fh6 Center, but i^i if) it^mi^ 
Dinanee*^ or which comes to thfe feme tMft^, fiippbfei 
that there were Perpendiculars let fali irom each Point, 
to the Circles to bw' pn.jefted to the Plane, on which 
the Projeaion is to be made : Thefe projefted Joints 
iwill fall in Right lines on the Plane, wheri the Circles 
( great or fmall ) to be prbjeded, ate perpendicular to 
the Plane of the Proje&hn ; bixtifOhlifuc^ in Eliipfes. So 
fhat you may have as great Variety of thefe forts of 
firojeSioHS, »$ in the Stereografbie. But they being 
wore TroubIefome> byreafon of the Oblique Circlesi 
txiDgprojcAed in ElViffes ; Mathematicians have coftfined 
fhemfelves to the mofl fimple of thefe kind^ vi^. up- 
fP the Plane of the Solifliciai Colure, commohly called 
thb A^fpetje or AnaUmma, which is admirably-ufe- 
fui and eafy. I (hall here give you a jbort Account of 
?t. 

In 
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In Fl4e \u Til.\% the Cirpfc I^JINQ, ifspb^ 

ients the Solftitial Colare, or Meridian pa$ng (I\rpt;gh 

the fil Points of % and y, this Cep^cr^ repr^li^spt^ 

Eaft or \Vert Point of the Horizon. * * 

H AO the Borizon, its Axik ZA>J, i^^prefe^^ the 

Azimuth of Eail or Weil> or 9ctb Az^m^tb* 

ig. A <e is the Equino^ial, its Axis F A p, repreic|^ 

the Jth Hour Circle/ 

e A Yf repreients the Ecliptic, T A tSi, its Axis, 

reprefenting a, Circle paffing tliro thk E^inc^^inal Fou^s 

•if and ft: ' ' 

' O P the height of the Pole, whofe ^QTjfJ^foa^ H ^ 
rz ZP, is the feigh't o{ thj fequinoaial. 

' Siippofe the ftin $ Pli^ to be ui n 6 i^g. or ft| od^g. 
or in } d deg. or in s;;; o deg. thefe Poinds are all dlftant 
irom t;Be Ec^uinoAial Poipts ('l>pth which are prcje/^d 
in h)'6o deg. therefore take the Sine of 60 deg. an4. jMit^ 
at off ixx thp line A 9 ) and A ^fx frQip A, both \«a^s'to 
©, ^ 5 thefe. Points IhcW thp pj/ice q( (he Suo for 
the given tiQies. Vi^* That in the Qijadrant, A ^ ion 
the duhmer, and that in the Quadrant, A yp for' the 
"Winter ; and through th^ ^oinc (g , dra^y a Parallel to 
the Equino&ial D 4 ^ A which is the f royaiop of the 
Sttn'i Parallel for th;»t Day. 

Hence it appears, that the Sun that Day rifes or fetsin 
{be Point M or m^ Culminates at Npon in D or J^, cajnes 
to the iSth Hour in T, is due Eaft or Weft in Q, there- 
fore A M or A «w is the Sine of the Sfrn*s Amplitude, T 
G is the like Right Afcenfion of the. Sun. that is, 1 Q 
contains as many Degrees as the Righ; Afcenfion, had it 
been meafured in the Equator, and therefore a like Arch 
M D or M / the Semidiurnal Arch of the Sun, IVf X or 
^ f the Aicenfional Diflferencc, to be numbred from the 
next Cardinal Point backward or forward. 

Suppofe the Sun's height were taken by a Quadrant, 
or other lnnrument>. put that Altitude from H to L, 
aind draw L|K / ^ arallel to the Horizon, cutting the Pa* 
rallelof Declination D if in S, and the Axis of the Ho- 
rizon in X, 5 will be the place of the Si^n in the Ana- 
le^mma for that Inilant; Wherefore S T (hall be the 

like 
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like bftlance of the Sun from the ^th Hoar Circle, Sit 
its Ilk? Diitahoe from the gcth A^imuch, whence i|iax be 
fbond in tbcfe parallrls: both the Hcur at which the Obi* 
iervation was made and Azimuth trom the xMeridian. 

Thofe Archtfs of leflcr Circles f which 1 call like Arqin* 
e*) may proporticnably Ije transferred to their greateft 
paraDcI in this manner : As the Semidiameter of the 
lefler para^el is to the likediftance ; So is the Semi- 
diameter ofthe(*ircle ZHNO, t3 the Sine of the true 
diftance from the Center. For Inftance, in the like Af- 
oerfional T*iArtnce TM ta the end of the parallel 
T l^ ds draw a Si'midiameter A d. and within the Trian« 
gle V T ^ draw from M, the Right Line M 7, parallel 
to AT; Then Fi TM: iKd. A^. makeAF=:Ay, 
then is A F the 9ire of the Afcenfional difference, by 
which the Semidiurnal Arch is more or kfs than fix 
% Hoars. 

Hence it is eafy to defcrihe the Eli^s that {ball paft 
through the given point M, in any Ratio of the Semi- 
tranfvg:rc AO, to the Semicorjugate AM* Thus> 

Make AO : OM : : X/ : XG : : f ? : fj^, the Curve 
Line, drawn with an even Hand thro' the points 
ZjG M, fli^ll be the Ellffis required. 

Or thus by your Seftor ; take A O in your Compaf. 
fes, and open your Line of Sines to it, then take AM and 
apply it to your Line of Sines, and obferve wha.t Angle 
'tis the Sine o^\ then draw as many Occult parallels to 
AO as you pleafe, and making each of them Rad. fuc- 
ccflively, lay off the Sine ot the ^ngle you obferved A M 
to be the Sine of, and do fo fucce^vely, a Line drawn 
through thcie points ihail be what wasdeiired. 
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Stereographic Problems. 

In order to the Projedbion of the 
feVeral Cafes in SPHERIC 

TRIANGLES. 

P R O B. I. 

To find the Pole of any great Circle Proje^edJ ' 

NOTE, that the Pole of any great Circle is the 
reprefcntation of that point of the Surface of the 
Globe (OD the Plane ^f the Projcftion) which 
is 90 deg, diftant from th<it pircle. Thefe 
Circles are of three kinds, either VHte Xl« 

I. The Prtmrtive Circle A BCD, the Fig. II. 
plane of which is the plane of the Frojeftion. 

2* A Right Circle (ot the pro/efted Repreiel^tation of 
a great Circle perpendicular to the plane of the Projecti- 
on^ the E>e being in the plane of which, will on the pro- 
jection be reprefented by a Diameter. asBDoc AC. 

3. Jn Oblique Circle^ ( or the prrjeCtcd Repreienta- 
tion of a great Circle not perpendicular to the plane ot 
the PrcjeSion) which t^ill be always i-eprefented by an 
Arch, fuch as B F D; the points of Intcrfcftion of this 
Arch, with the priiixitive Circle (being conneAed) will • 
always pafs through the Center of the primitive Circle. ., 

O For 



For this Arch B F D is the Reprcfentation of a, Semi* 
circle Elevated above the p'ane of the Proje^ion ; and 
fince two great Cirles cut ore another at a Semicircle's 
diihuice, tiieir common Se^ion w li be a Diameter, and 
here reprefented by the Diameter BD, 

C A 5 E L 

To find tbe Pelf cj, the primitive Qircle, A BCD. 

ft u j;. E 

Find its Center E, by the ift Frop. qf the 3^ Book of 
Euclid, which |.oInt E, is tbe Pole. 

C A S E H. 

T^ find tbe Ble. cfa Right Circle, fuppofe BD. 

RULE 

Crofs that Diameter -.vith another Diameter A C a^ 
Rigji^-angles, the two txjtremities A and C a»e the Poles 
of the right Circle BD. Qr the Chord of 9Q deg. fet off 
frocQ B both Wd}vs^ will determine the points A and C« 

CASE IIL 

To find the Pole cf an Oblique QhU* 

*Note, that the Pole of an Oblique Circle is in that 
Diameter of the primitive Circle, which paffcs 
through ?the Center ot the projefted Oblique Cir- 
cle. 

E XA M PL JSv 

ABCD the Primitive 
the C Mique 
^en, . T$ 



AB CD the Primitive?^. , j\E ? ,, . ^ 
BFD the C Mique ^ Circle and-|^| their Ccn. 



^£1 V n r> 1 1 



C xo^ ) 

For this Arch B F D is the Reprcfentation gf a Semi- 
circle Elevated above the p*ane of the Proje^ion ; and 
fincetwo great Cirles cut one arotherat a Semicircle's 
diflance, their commcD Se^ioo wl) be a Diameter, and 
here reprefented by the Diameter BD« 

C A 5 E I 

To §nd the Fck cj, the primitive Qircle, A BCD. 

?L U ^. E 

Find its Center E, by the ift ^roft. qf the ^ Book of 
Euclid, which point E, is the pole. 

C A S E H. 

r^ find tbc Ble cfa Ri^btCircky fuppofe BD. 

RULE 

Crafs that Diameter **vith another Diameter A C a| 
Rigji^n^pgles, the two txtremities A and C a^ethePole^ 
of the right Cirde BD. Qr the Chord of 9Q deg. fet off 
froiQ B bptb v/ays, will determine the points A and C. 

CASE IIL 

To fmi the Pole cf an Oblique Circle^ ' 

*Kote, that the Pole of an Oblique Circle is in that 
Diameter of the primitive Circle, which paffes 
through ^the Center ot the projefted Oblique Cir* 
• ck. 

E XA Hi PL JS. 



AB CD the Primitive?^. , jSE 7 ,, . ^ 
BFD the C Utque ^Circle and -J^^| theu Ccn^ 

ters given, . > T$ 



To find the Pole of the Oblitjue Circle B F D. 

T. Through E and C^ draw the Diameter A E C, 
cutting the primitive Cirdcin A and C, and the bbiiqua 
Circle ih F, 

2. A Ruler laid on D ahd F, will cut the primitive 
Circle in a» 

3. Take 90 deg. from a Scale of Chords, and put ic 
oft in the primitive Circle from ato b, 

4» A Ruler laid, on D, and this point h, will cut the 
Diameter A EC in G, the pole required ; v hich point 
Q IS che pfojefted pole that lies above the plans of the 
Projedion, but if the projjfted under Pole had been re- 
quired,- lay offthe Chord of 90 degfrom a, the contrary 
way to r,a Riiler Lid from D to r will cut the Diamet.r 
AEC produced in the point y^ the projeded under pole. 

PR B. iU 
To Inj down en tbs ProjiBkn any Angle required^ 

iD E F I N I T I N. 

A Spherical Angle is made by the Interfeiflion of two 
great Jircles on the >urfaceof ths Sphere and itsMea- 
fured by that Arch of a great Circle which is 9 ^ deg. 
from this point of jnterfcifTion, intercepted between the 
Legs or Atches that conftitiue tl^e Angle. It hath been 
proved in the 5th Propcii.ion of Stereographic Pre- 
jedlion. that the Angl-s of the plans otthe \'xr,]t6k\or\ are 
^qual to the Angles they reprcfent on the Surface of the 
Olobe. 

In this Problem there are three Cafes. Either, 

^/ Where the angular point is at the Center of the pr'- 
mitive Circle. 

O 2 . - 2, Vs'hers 



% Where the Ai^uUr Point is in the Periphery of 
the primitive Cirde. 

9. Where the angular point is in any point giveii 
within the Periphery, and not in the Center. 

c A s ;e !• 

To Pfahe an Angle robere the Angular Point is in the Cen- 
ter of the Primicive. 

RULE 

Such Angle is made in all refpcAs, like a plane An-« 
gle^ vi^. by drawing two lines from the Center, fo that 
the Arch of the primitive Circle intercepted between 
ihem, be equal to the Degrees of the Angle propofed. 

C A S E 11 

To make an Jr^le^ that the angular PoitU maf be in a 

B>int given in the Perifbery, 

Plate XL For Example to make the Angle I|AD, 

fig. IL having its angular Point in the Periphery 

at A i)f 36d. com. 

RULE. 

The Primitive Circle A B C D beiug defcrihed. 

1 , Lay a Rule on E, the primitive Circle's Center^ 

and the given point A, which will likcwife cut 
the primitive Circle in C. ^ 

2, With the Secant of the given Angle 36deg. and 

one Foot of the Compafles in thcr given point A, 
defcribe the Arch X. 

3, Wiih the fame opening of the Compalfts, and one 

Foot in C, crofs the former Arch, X in X, X is 

tie Center of the ObUcjue Circle A H C, ma- 

, - ^ " king 



king an Angle with the primitive Circle of 36dcg. 
as 1^ evident by the CffraU. 2. Frofcfittm ot Stereo 
graphic PrcjeBion* 

CASE HI. 

To make an Anfje r^httt the angular TnM U m^Krni 
given' within the Perifbery, but not m the Center. 

EXAMPLE. 

A B CE the primitire Circle ^ 

£ its Center > P^«u 

G the point 3 

1o defcribe an Angle at the Point G, cf 45 ^i- 

RULE. 

1. Through G and R draw the Diameter A EG C. 

2. Crolsit at Fight Angles with the Diameter BU-^ 
J, Lay a Ruler on D and G, and it wiO cuJ the pn- 

nrltlve Circle %nb, , ^ , a ^ -^ tc 

4, Take the Tangent of the Arch C b, and put it off 

in the line AC, from E to A. 
<. Ercift a Perpendicular A ^ continued. 

6. Lay off the Tangent of the Complement of the 
Angle required from A, cither way to g. which 
Complement is in this Cafe 4S <*f g- j r -i^ 

7. Upon the point g with the diftance ^ G, defcnbe 
the Ci rde G a j the Angle A G tf, is the Angle re. 
quired. 

. / * 

This follows from the 8/* Prop>ftim of S:cre g. IV«j*ff . 

P R O B. III. 

To drav> a great Circle through mvf given hha.jnaii^ 
vitb the Primitive Circle «»;^n;w jlngk.^ ^ ^ 



RULE. 

I. With the Tangent of the ^ven Angle, and one Foot 
Foot in the Center defcribe an Arch. 

2* With the Secant of the fame Angle and one Foot' 
if) the given point* ftrike an Arch crofling the for- 
mer ; the Tnterfedion of which Arches is the Center 
of the Circle required. 

E X A M ? L E. 

Plate XL A B C D the primitive Circle 7 . 
Pg. II. Ethft Center thereof > Givea 

I th« Point 3 

i 

Through the point I, 'tis required to draw an Oblique 
Circle, fo that it ma^ make Argle at the primitive Cir- 
cle of 56 deg, ' ^ 

1. With the Tangent of 96 deg. and one Foot in ths • 
' Center, defcribe the Arch X. 

2. With the Secant of this Angle, and one Foot in 
the given point, I make an Arch, cutting the Arch 
X in X, X is Jlh2 Center of the Oblique Circle 
A HC, making with the priiDltlve Circle the Angle 
required. 

The Reafon of which isevidetit from the td Profcfiiion 

of Stcrecg, Projc^ion* 

» 

P RO B- IV. 

Zo draw a great Ciocle pajjsng through any two Toints given 
"i ibubin ibe B:ripherji of the frimitivs circle* 

ft U L E. 

1. Through any one of the given points and the pri- 
mitive Circle's Center, draw a Diameter produced 
beyond the periphery. 

2. Crpfs thisUiamcter at Right Angles, 

3. Through 



( «o7 ) 

3. Through the Point meotioned, draw a Kae to tbe 
Extremity of this (econd C>iameter. 

4* At the^nd of this line in the Periphery of the pri« 
mitive Circle, eredt a Pc^rpenpicular cutting the irft 
Diameter in a third Point. 

$• Through the two Points given, and this third point 
ftrike a Circle, and it (hall be the great Circle re- 
quired, by ?roh 8L ot G comet Froth 

E X A M PJ^ E. 

A BCD the ptimitive Circle Jt Plate XII, 

£ its Center V Given. Fi^.L 

F and G the two Points 3 

Tbrpugb F an4 G tis required to draw a great Circle* 

« 

!• Through E and F draw the Diameter A F EC !• 
2* Crols it at Right Angles with the Diameter B D. 
i* Draw a line jeither from F to B, or from F to D- 

4. to either of which 4ine$ F B or F D. at the Ex-^ 
tremities P or D, ercft the Perpendiculars B 1 of 
DI, interfering the Diameter AC produced in I, 
the 3d Point. 

5. Through thefe 3 Points F, G, and I, defcribe the 
Circle K F G H, and 'tis done. 

We here have nothing to prove, hut that the line- 
H K, that conneftsthetwo Imerfeaions with the. primi- 
tive Circle, paiTes throtigh theCcnter ; for then 'tis the 
Repre&ntation of a great Circle. 

XyEMONSTRj^^TIOy. 

. F E : EB : : EB : EI, the Triangles FEB and BET, 
being fimtlar by the %th Prop. Jof th^. 6tb of Euclidy 
and H E continued will fall upon K, the other interfe- 
aion; for, ifitVpoffible t« do otberwiiei let it fall up- 



on 



•o M, and prodoee HEM to L, ih<m by the ?5th. of 
the 3d of BucUd EF : EH : : EL : E I, and confe- 
qacntly EHxE L-EBf = EHx EK == EH scE M. 
and by Conicrquence E M z= E L > that is, the part equal 
tidK whole; which isabfurL ^ E. D. 

F R O B. V. 

T# Of am a gn^U OrcJe fcrfcuiicuhr to a given great 

General Rale. 

Draw a great Circle through the Pole of the gircn 
great Circle, and it will be perpendicular to a great 
Circle given. In this Probkm are 4 Cafes, either 

1. Perpendicalar to the primitive Circle. 

2. A Right Circle perpendicular to a Right Circle. 

}• An OKique Circle perpendicular to k Right 
Circfc- 
* 4* An Oblique Circle perpendicular to ^n Oblique 
Circle. 

CASE I. 

To draw s Circle pcrfetidicular to tbc frimtive Circle 
given, 

RULE. 

Through the Center of the- primitive Circle draw a 
Piaiiieterand *tisdone ; for the Center of the primitive 
Circle is its Pole. 

CASE II. 

To drim a Right Circle ferpendicuJar to a Right Circle 

jfiven, 

RULE. 

This is done by drawing a- Diameter perpendicular to 
the Dianoeter or Right Circle given. 

CASE 



rf- -m — »- 



CASE UL 
Tt inm an OUipie Grtk ferfeuMtiOtr U'a X^bi Cirtk 

RULE 

t. Find the Pblei ofthegifreii Right Circle, hy Proh^' 

the tft» Ca& the 2d, ofSteretg. |M« 
2« Draw a eiicle thrnigh thofe two Pote 

EXAMFLE. 

ABCD the primitife Oide? PUtc XU 

E its Center > Giyen. KgU TL 

BED tRitht Circle ^ 

Tit required to draw an Oblifte Circle perpendicular 
to the Right Ciicle BED girec 

!• Croft the Right Grcle giren BED, with the 
l>iaaieter AC» or lay the Chord of 90 deg, frooi B 
to A and C, which are the two Poles of the Right 
CireleBED^ 

2« With any diftanoe, and one Foot in A and C, ftrib 
two Archet eroffing one another to X. X fliall b^ 
the\Ceilter» and AHC«\ the Circle required. 

. But heve Ment, That ifthe OUique el rcle required to 
be drawn, were fo Umicted at to make a given Angle 
with the ^Kitnitive ADC* 

Then take the Secant oFthat Angle in 7ourCo(npan« 
(et, and placing 3«u*r Cofupafles iir A and C, make two 
Arches croSng one another in X ; X ihall be che Center. 
Or tftke ithe Tangent of tluu; Angle and (bt it off* in the 
Right Circle (or Diameter ) Bp, from the Center fi 
to X, and ^t^b^ne 

But if the point H be ^v^ through which this 
Oblique 4 Circle ihould ptXs, without any relation to 

F the 



the Aifle it (hoiiM make with the primitiye Qrck^ 
(tbaagh that be VirtiiaBy girai) • Click ftf uck thro' the 
3 points A^ H| and C, will anfuer the demiiid. 

CASE IV. 

« 

> 
RULE. 

U Fiodklie pole of the eiref^Oblique Circle^ bj Prdb. 

I.. X^ie the jd^ ofStcreog. Problems* 
2* TbiQugh that n>]e4raW4igitat etnle^ or lihidi is the 

fkineytlrawittch^n Arch as may pais tino the pok 

fofoun4f and ftay inierfeft Ae frinuttrecifcle 

in pobts diadMrfaaOf oppofite. 

PUteUl. BXJMPLE. 

Pig. n. ' 

AHCG the primifliteolfole 7 „.,^ CI 7 thei 
ABC anObUqocciwfc. 5 ^^^^ZYSCam 



'Tis (coaired to draw an Oblique ciide perpendicukf 
to the OUi<iaecirefe ABC giren. 

u Tofind E the Pole of theOUiVie dnrts gbrm by 
Prob. 1. Cafe iJL 

%. Laj a Ruler o?er the Center I, anTwnfiSe, cottlM 
the primitive eirck in D and O, a. cicck ftrttdc 
through the three points D, £ «d.i^ ilall be 

the great circle required* 

«. • - • ' 

But here obferve, That if theponit'KYifl tjie f^rtft 
Oblique circle) be given, then draw a j(reat«iffGis 
thro' the two points E and K, hy die^ 4gSi PfoUen* 
And if it ht fequi)re^' that the cMnck^paflhg tbroogli* 
. ,the pole E> ihat] alio make a given Angle with the 
ptimitire circk, ittaajr be done by the od ProUamm 



» • 

In this problem are cbree C%k$* 

I. Oatb&pdmiclTe Circle. 
9. Oh a tligfct Cirefc. 
a,. Oo an Oblique Circb* 

CA.S R I. 



. . Take from yoar LM of Cbprdt ft»tliK Radius) the 
Namher of drareet yovtymfaU \xf off, and fraBtfcr it Co 
the prtmkiye Circle, and lit done« Tint needt no Ex« 
aaipte» 

CASK IL 

Tcr laj off mij Numhr of Degrees m a Kgbt Circk. 

RULE 

Take the Tangent of half the Angle you would lay 
^ff, and (mt it off in the Right Cir^e from the Center, 
an4 'tit dpoct 

c » 

E X4t M P £ £. Plate XL 

Fig. II. 
-ABCJ> theprknteteCiicle, EittCemer * i„v-«i 
A EO the Right QrcJc . * } ^*^®°- 

Oil tbit Right Circle A E C> 'tis required to lay oflT 
from the Center E 45 deg. 

Take the Tangent of its half, v/^. 22 d, jom. and lay 
i^^ off from £ to F, then ihall EF reprefent 45 deg« 

Pa Of 



Or finoai fl» Seds ^ kalf Tai^genCB uke 4^ieg, an 

{t win readi ffoni E CD F. 

Or cake Cfae Chord of 4^ deg. and Uf ic off in die 
Semieirde ABC, fipom Bao #, a Ruler bid froio D co 
« win OK cbeRigjiC Circle in F, ibchac £F ihaO repne- 

C A s E m. 

T# iff 9ffmff Vumlkf 4 Degrwci mfoBmiSUifteCSrck 

RULE. 

I. Find Che Pole of the giren Oblique Circk» by IVA 

I* Ctff 9. 
S. Lay che fjtwen Nninber of degrees on the primiciTe 

Ghrde, hyCrfcib» iftirfchis Problem, 
3^ Lay a Kulor Co che ex^mitiea of che Arch laid 

4own in the primitive fCirde from the Pole, and ic 

wiO car off a like Arch in che Oblique Circle. 

nae XL EXAMPLE. 

/tf. IL 

ABCDtheprimicireCirele 2 cheirCenceis CE? 

BFD Che Oblique Circle C are ^Cj 

rrk required in che Oblique Circle BFD, td lay off 
an Ai^le of 45 deg, &om F. 



C uod E che cwoCencere, draw the Dia-. 

meterCKFA, and cherein find G che Pole of che 

Oblique Circle given, bycbeift Fnb. Cafe 3» 
% From your Line of Chorda, put 45 deg. off in the 

p rl nrid v c Circle, from A Co a. 
^. Lay a Ruler co Gand m^ *Bd ic Jhall cut the Ob« 

tique Circle in 0^ fc chat Fa repreienu 45 deg» 



Ti» 



The like may be done for any Number of degrees, lod 
from any point. 

Or tbos, lay off 4$ degrees in the oppofite Semicircle 
BCD, from C to ^» a Ruler laid from y the projeded 
under tbc Pole, of the Oblique Cirde B FD to h, will 
cut the Oblique Circle {^ ven B F D in the fame point «. 
So that any Arch or Number of degrees, may be laid oS 
in any great Circle given, by the means of either Pole ; 
the Demonftratbn ot this is already given in the Theoric 
part of Stcre^. ProjcSiotk 

P R O B. VII. 

To merfure mif fart tf a^re4^ Cirtle profeSed. Im this 
ftobUm am thfW Cafts^ mtd 4r§ ffut tbc Qmerfg of 
the former. 

CASE I. 

To meafure my Tart if tbc primitive Cirtle. 

R a L E 

1 ake the Arch required to be meafured in your Com^ 
pafles, and ipply it to your Scale of Chords, and it fiiewTs 
you the degrees 4 this needs no Example. 

CASE II. 

To meafure any fart of a Kgbt CrtJe, 

RULE. 

I. Lay a Ruler from the Pole of the Right Circte, to 
the two Extremities of the Ptortion ot the Right 
Circles, whofe meafure you'Jd know, and it will 
cut the primitive Circle in two points.. 

a» Take the di^ance of thole two points in your Com- 
paflfes, and apply it to your Linf of Chords, and it 
wiUfkewyou its meafure. fXf^, 



f 114 7 

fUU XI M XAMB IE. 

I wottU kMW tbe Mearait of de Pordbn of ffe R^^ 
Cbcfe PE, < Rufer billnmi its Pole D to Incuts tbe 
pr&sdtire Cirek in B ; and laid from D Co F, cuu the 
prindtitre Circle io ^ « Take « B io your Compafles^ and 



, tlut CF repffeftnCs^ or its Meafuic 
for any other Portion great or iinal^ wbelfier 
taken firom the Conter or not. 

CASE in. 

* 

a U L E. 

S. Find the Pole of the gifen OhKqiie Circle. 

3* Lay a Ruler on the Pole to the two EsKtremitiesof 

the Portion, wbofe Meafare fli defired. 
}• The Ruler & laid, will cut the Primitive in two 
Points, wbofe DiAance tneafured on the Line of 
Chords, gives what is deiired. 
' 1 eoncdve k needlefs to gtre an Example, the Rale 
kdngib piaiiib 

P R O a VIIL 

To meafurc my Spheric Jngk. 

General Rule. 

A Spheric Angle in tbe Projeaion^ is meafiired by 
Hiealttring that Arch of a great Circle, which w tnter- 
^ted between the two Arcks that contain the Aih 
. gte at a Qaadrant*s Dl^ance from the aiigular Point ; 
jthat is, the angular i^oint being the ^ok ok the Arch, 
if fuch an Arch be d^fcribed in the Projeaion ; If not 
jneafiire the Diflance between the two Poles oi the 

• Circka 



( "5^ 

rirdet contaii^ the Angle} andthacii dteneaOueor 
the Angle required. 

IntbisPrakmiiretbrteCtfit. 

* s 

f 

I. Whefl tfbe at^nhr point it in the Cm^et of clv 

primitive. , . , , ^ . 

z. When the angultr poioc is in Cht Vmphsty of tbe 

primitire cird?.- 



lar point i» nw 
ditk, birtBottniiie€encer. 

C A S E I. 



^pfinuMf^ 



3i maifure an Atgky itben tbe m^hr toht UvtOt 
Center. 

HVX- ^. 

fiwh an Aaigle U meafiKtaaif taJdng the Arch it fi^ 
tends in your Compaflfi* wd^ppljingit tojQUt line of 

Chords. 

C A SE.. II, 

tumtfitretitAntievAm Hie 4'4fAt» ftinf h m Ot 
Ptrtjktry^tbetnautnt CirtU. 

E XjI MP L M. ,*W«Xttir 

Rg. in. 

ABCD the Primitive Circk Zaiyv^HV^^ 
BPDanOblique^Circte *^ , v^J^^*^"' 

Tis required to Mcafure the Angle »• » ij* 

In thU diameter find s the Po]* "fj^^ O^f^f SS 
BM,ihe.nift»«w;E«orAP»»KaAiw4J>r-af«=»l«<''*»'' 
Tangentti$tAB«ne?fi«iPPf<be Angle «=?'»«''• ,fi.^ «» 

the Angle PBfi. CA*"" 



<ii6) 

CASE III. 

■ 

Ik mis/ttre 4m Afle when the jfngulsr Poini is wHbm 
. $h yimitivi i:irck, but mt in tbc Ccnim 

£ X A MP Z £. 



AJCD ttvPrfnicive? CE/ tbeir Cto«- 

DPGB an Oblique >CirGfe,ii]d<X> ten gh^ 
LOOP an Oblique 5 2^^ ▼«. 

Til lequired to meafure tbe Angle F G B. 

1 . Thiottgb E and Y, and alio tbrough E and X, draw 

two I)iatiieters, and in tbem find jp and x, tbe Poles 
of tbe two Circlet eonflituting the Angles bv Pr^. 
1. Cdfe III. 

2. Lay t^ Ralerfrom G, tbe angular Point to x and 

/, whicb iball cut tbe primitire Circle in n and 
iKr, the Diftance' » OT taken in tbe Cbordi, is tbe 
meafitre of the Angle required. 

Tbe fame Method & to be taken, if it were requi-* 
fed to mealure tbe Angle BHK, oonftitated by a Right 
Circle sind an Obliqaes vf 7: A Ruler laid from H, to F and 
X, tbe length of tbe Areh in the Primitive Circle, int^iw' 
cepted between tbe points cut by tbe Ruler» iball be tho 
neafure of the Angle* 

P R O B. IX. 

' ' . ... 

V 

D EII NIT 10 N. 

t 

l^araHel Circles on tbe Globe,- are lucb which divide 
Ithe Surfa^ of tbe Globe into tvto unequal FSiArts, ^nd aro 
always paf^llel to fome great* Circle. Parallels on tbo 
^rpjedipn are tbc Repiefentation of thefe. . ^. u. 

'^ In 



( "7 ) 

ittbls Prob. are three C^es ; dther^ 

1. Parallel to the primitive Circle. 
H. Parallel to a Right Circle. 
3. parallel' to an Oblique Circle. 

CASE I. 

T0 dram a GrcU paralld to the primitive CirfU. 

RULE. 

This IS done by Uking the Tangent of half the paral-* 
ieVs Diftance from the pole, and therewith (one Foot being 
placed in the Center) defcribe a Circle and *tis done. 

E XA M P I^ E^ ^l^^ Xir. 

Fig. iV. 
A BCD, the primitive Circle, Bits Center. ^ ^ 
•Tis required to draw a Cifclo parallel to the primi* 
tive, and 30 deg. diftant from it, that is, 60 deg. from 
the pole. . . u 

Take E F equal to the Tangent of 30 deg. and with 
that diftance, one Foot being placed in E, defcribe the 
Circle F G H M, and 'tis done. 

CASE 11.) 

To Jravo a Circle parallel to a Right ^Circle* 

• ' 

R XJ L E 

1. From the Chords, lay off the ParalleVs DiftaUce 

from the pols of the Right Circle ^ven,, both 
ways, marking the points. 

2, Take the Tangent of that paraljel's Diftance f romi 

Che pole in your Cbmpaffes, and put one Fooi 
in the tvVo Marks before, Noted fucceffively, 

Q ftrikd 



( "8 ) 

ftrike two Arches catdQg one another ; thepointof 
Incerleaion, fhall be the Center of that paraUeL 

Or tbusy Crofi the Right Grck giiren with a Diaioe-t 
ter at Right Angles, wmch let be produced; take the 
Secant of the paralkrs Oifianoe from the pole, and let 
it off in this Diameter, from th^ Center on that fide 
the Circle ihould he drawn, and it fhall give the Center 
requifed 

tMt XIL M X A MT L E. 

I^. IV. 

A BCD the primitive Circle, EitsCenteW 
BED a Right Circle. • 

' Tig required to draw a Circle paraM tothe Right 
Circle BED, at 4odeg4 diftance from it, or5odeg. 
from its pole C. 

f. Layoff $odeg fromC, to K and L. 

2. Take the Tangent of 5odeg. and placing the foot 
of the Compa£fes, opend to that diftance>inL and 
K, and llrifce 2 Aretes catting one another in Y. 

Or the Secant of ;o d^. (the parallels diflance from 
the pole ) fet off from E in the Diameter A[C ) will 
reach to T, the Center re^uir*d. 

C A S E IIL 

To drtm a Grelc parallel to an ohli^c Gfck* 

RULE. 

From the Scale of half Tangpnts, lay off the pa- 
raUel DidaAce from the pole of the Oblique Circle 
given, bc.th ways, in that IMameter of the primitive 
Circle, which paOes through the pole of the given Ob-« 
lique Circle, then Note thofe Marks; the Diftanceofthefe 

points 



points bifleaed, gives the Center of the parallel. 
Flau XII# EXAMPLE. 

Tf I required to draw a parallel to the OUimie Circle^ 
DFB, 4ode£. diftant from U^ or 50 deg., diftant from 
its poU* 

I. Find G9 tbe pole of tbe> given Oblique Grcle 
DFB, hyProb.\.i:afr. III. 

3, Meafure EG, by a Scale of half Tangents ( or by 
a Scale of Tangents, doinbHtig tbe Angle you find 
it) and fuppofeit te be ;4deg. then-take tbe 34dqg» 
+ 50 ileg. -^ 84. tuid lay it down by a Scale 
o\ half Tangents, from £ to », and take 50 deg. 
--..]^4eg*=: 16; Uyit«ftiatheLtiieAG,from 
£ ao w, mni% 4kit Diameter of this parallel bit 
fe^ m^ in 0^ \g the Center veqiiired« Oriibe 
Tangent of half S4, vii^ 42 fet of£ from E. will 
reach to n, and che Tangent ot 8 deg. put off frotQ 
E, will reach to m. Then with the (Jcnter 0^ and 
Kaddus 4> m, defcrtbe tjbe parallel. 

P R O B. X. 

Tomeifufie itwf Jrcb of a foroMel fr9JeStd» 

4m tbk PnMem Aere sre ibne Cafis. 

€• Mf hen ^tts partllel to tbe ^ rtmttive Cirde. 
2» When 'tis parallel to a Right Ci'rcle. 
3. WhIsA 'tis paraHlel to an Oblique Oirde* 

0,2 CASE 



CASE I. 

« 

To meafure cxf Arch oj a Parallel to the primitive Cirtlc* 

RULE 

A Rulcv laid from the pole ( or Center of the pri-' 
ipitive Circle ) to the equat Diviiions in the periphery 
of the primirlve Cif cle, ihall cut the correfpoodent De-* 
^rees in the parallel 

C A S E 11 

To meafure anj Artb of a Parallel to a Eight Circle. 

lig?^!* EXAMPLE. 

Suppofe I were to meafure Tor divide the parallel 
K I L, which is {o deg. diftant from C| the pole of the 
Right Circle DEB. 

RULE 

!• Defcribe a Circle parallel to the primitive Circle, 
as far diftant from the pole in which the Eye is, as 

^ the parallel KIL is from C, the pole of the Right 
Circle DEB, 50 deg. and confequently diftant 
from the oppofite pole, in which the Eye is fuppo* 
itd. 1 30 dbg. Take the Semi-tangent of 1 30 deg. 
( or which is the fame) the Tangent of 65 deg» 
and with your Compaffes open'd to tbatDiftance, 
and ope Foot in the Center £, defcribe a Cirple. 

2. A Ruler laid from C, to the equal Diviilons of 
that half of this Circle, which is parallel to the 
Semicircle BAD ihall cut the parallel ii I^C, in« 
to its correfpondent Decrees* • 
^ Or 
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Ox a Ruler laid from A, the other pole of the right 
Circle DEB, to the equal Degrees of that Semicircle 
which is parallel to BCO^ ihall likewiie divide, or 
meafure the parallel K I L* 

C A S £ IIL 

To mtapirt any Aroby or Pfurattcl to ^ OUifte Circle. 

EXAMPLE. Hat^Xa. 

-K^- V. ' 
Suppofe I were to meafure, or divide the parallel 
fnRfh parallel to the Obliqu6 Circle D F B, and dt- 
ftanc from its pole G, ^odeg. A parallel to the Hori«« 
Ton muft be defcribed, as much diftantfrom the point 
or pole in which (he Eye is, vi^^ 50 deg. and confer 
quendy diftant from the oppoiite pole, in which tbe 
Eye is 1^0 deg. take therefore tbeTangentof 6; deg. or 
S^mi'tangenc of 1 30 deg- and defcrine fucb Circles as 
in the 2d Caie* A Ruler laid to G, and the equal Di- 
vifions of this' Circle (parallel to the primitire ) fo de-» 
fcribed, iball divide the parallel |»R», into correfpon- 
dent Degrees or Parts. 

Other Methods for doing tbe-fame thing, you'll find 
in what I have faid in tbe Tbereotic part of Stereogram 
If hie FrojeSion, to which I refer jou* 

Hcte, I have omitted the drawing of thefe parallels, 

mentioned in the id and 3d Cafe, iince tbey 

' would run beyond tbe Limits of the refpeAive 

Figures, and bccaufe it is fo very eafy to conceive 

, them as dr^wn. 
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O F THE 

SeverdlCafes in Right yi^kd 
Spheric Triangles. 



? R O B* I. 
K; Am Leg$ gm», H fitidtbetwt Obltfue AngUi mi 

Ibequised, 

HjpothcBidc BPt 

C A S £ I. 

Sup^re th^ Leg AB be laid off in the prtcnftive Cir*^ 
file, th^n thro' A draw a. great Circle at Right Angles f 
AB, which will be a Right Circle or Diameter ; then 
with the Semi-tangent of 65 deg. the compli- 
inent of P A ( or which is the fame thing, Plate XIIL 
With the Tangent of its halt, vi^, 3 2d,, 30111.) Fig. I. 
(One Foot jdF the Compares being placed in Cafe I. 
the Center, defcribe a Circle parallel to the 
primitive, cutting the perpendicular A P in P. Lafily 
fhro' JS and P draw a great Circle, -and 'tis done. 

To 



\ 
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7» tiietfan the tbvigj rtfiiind- 

CASE 11. 

» 

Sufpofe t/je Leg B A, Uud dmn in a TiUmtH¥, cr Ught 
Circle^ tbe foint B kuig «f tbe CeMtr. 

The prianti?e GiKle beiof^ 4«wn, aad Itkewife the 
right Circle, in which yo» defign to \»y 
down B A ; from the Center B, take the PUte XIII. 
Tangent of 15 deg. of Seni-tangeot of Fig. L 
90 deg. and laj it in the Diameter from Cafi IL 
B to A ; then dr»w a grs&t Ci^cle^ paffing 
thro' the potet of the Arc B 4, asdthe point A, which 
win therefore be perpendicalar to B A : In this Circle 
lay oft AP:=:2c deg^ ' by means 3f its pole. Lafllyi dravT 
a Diameter thro^ F and B, and'cis done* 

To meafure tbs things refuireds 

CASE IIL 

Sufpofe tbe Leg A B, laid dmn in a Diameter, or JUgbf 
Grck^ tbe point B bmg not in tbe CenUr, but at tmj 
point ajftgned in tbat Diameter. 

1. By th» help of a Scale ol baif Tan- Fl^e XUh 
gents, lay off B A, to toprcfest Fig. 1. 
30 deg. Cajellh. 

3. Then thro' the potei of the Right Circle given, 
and the point A» dcfcribe a great Circle, which 
is therefore perpendiciilw to B A, and therein 
meafure AP=25 deg. by meansof itsF(>/ff, 

3, LaOlv 



0»4) 

3. Laflly, t greai Circle ftnick through the points B 
and Py ainfvfentheBrMem. * 

The HypotheoafeaDd Angki P and B, are mdafured 
by the 7^1 and 8th Pr0b. 

Kie^ That the Leg AB may be faid down in any O- 
bUqiie Circ'e, either from its Interfedion wifh 
the primitive Circle, or from any point given 
therein, which I forbear to infift upon, not doubt- 
ing hat the Reader, knowing what was done b^ 
fore wiO eafily apprehend. 

P R O R ir. 

Tbe ttffHbenufe and &ue of the acute Angles giveti^ fa 
fnd tbe other ObUfue Angle, and troo Legs. 

EXAMPLE. 

?'t^?^=S'•?:tofindSK 

Angle F .=50 J- ^Angie B. 

There are (everal Varieties, 1 fhallonly InftanceinTwo.^ 

C A S £ L 

/ 

tVb€re tbe Angle P gwen, is placed in tbe terifbety cf tbe 
frimitive Circle • 

Plate XIII; f • From the point P, defcribe a parallel 
I^g. IL to a Right Circle at ^o Degrees diftance. 

Cafe I. 

2« Draw a great Circle through P, making an Angle- 
of 5odcg. with the primitive Circle, and cutting 
Ihe parallel in B.' 

5w Thrbuglr 



Sr 



3. Thifottgti flic .Ceptcr of tbe ptiai^it aul Ipitft B, 
, draw a DUmeter, eutting the friilblfivt "Ciitfe In 
A. and 'tis' done. 

CAJis; if. 

i. Thmuiir, and tlieGraisir of the itm 3^11* 

prtnitirc £iieIo» draw a Diawlcr^ Fig., It. 

or lUgte Click, d^ IL 

ft; Bjr ^rA fd of S)lirrf<y« I'l^A llrike a graatCircl^ 
. paffing through the Doiiife P» and laakii^'aii Angle 

with the Diameter drawn through P, of 50 deg. 
3«' By the help of the Pole of thh Circle^ meafuio 

PB=:6p. 
4 Tiuioiich iha FUn df £be Diameifef paAog tkmigh 

P and the Point B; ftrike a gr^t Cirtle ciihing' 

the Diamclllr ito A, and 'tis done. 
The parts required, may fe meafured hy the help ot 
the 7fh and %tb Prolh ci^e^itg, Prob* 

<► R fi. iir. 

AJLegl»iib itt MdjUt^ia A^kgliHMt t^ find tie rtf(. 

Given PA 5od. Jj^ecpL^BA %• HI. 

P i6d.S /7AngkB Ca/^I. 
/ fiatt in8anc€ my in tifo Ca/ts. 
, , |« Wltoft the Leg F A» igprojeded ifi the prtmitiye 
Circla4oihu»| 

u Wr§m 9f tey 4ff PA :s <SO<le^ In the primitive 

'tiircjt. V 

% TiiiMgbJPi, drawA gwt, Circle, ipi^king it<i Angle 

iif 56deg. , . 

3^ :Tkwg)i A, dfaw » Diameter or RJ^bt Circle, 
^i hii done* . V * 



^WhatAtt Leg AP It fnjOboi imhe Oianietev 
Mie^tr bdiigiii cbeCJinCer* . t 

nm Xnr* i« Dnw a Diinnr, and from tte 

J%w I« Cnier» lay oi tbeTaq^mt of 15 d^ or 

Sentcaif 6«t of 50, fnna the Cemer Pto A* 

t. Daw aaodKr Diameter, makiisg tlrith the given 

Diankter, an Angle of ^deg. 
3, TTwough die pcto of tl icj gl »en Dintacier, in wMA . 
PA is projeaedt and point A, ftrikeagietcCirde^ 
cnttiiy the id Diameter in B. then is PB A dm 
Triii^le nqoimd, wbofe ptfff ma^ be meafiued b J 
IMk 7 and 8» oi 9€ntg. troi. 

P RO P. Vf. 

I. WW B isin thePer/pfciy of the primitire Cir*. 
2* Wheie 'tis in Hhe Center* 

C ASE L 

X 1. Dtfcribe aptratlel to a Right Ofde^ whofepob 
. B, is diftant from B, A^dcg. 

1. Dfcfcribe a parallel to die prlmitiffe Circle, dillant 
from the Center, by die Complement of PA, vtf. 
55 dc^ which may cttttfae former parallel in P. 
. 2. Through the Center of the primitive Circle, and 
the point f, draw a O^eter cutting the primitire 
Cin^einA 
4« Laftly, ThnuA B and P» dclcrlfae :i great Grcle, 
and-tisdooc. CASB 
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C AS E IL 

1. Dnw a Diameinr* PUe XIV. 

9» On tte Center B| with tbeSemi-tm- /%w IL 

gene or46dq^ defcribeaCrcfep^ C^ VL 

nM totheprimiiive Circbw 
}• 0efcribe a Pualfel to the firft Diameter, dUbmt 

fitom in Pole hj the dUUnct of tbe Conpleiiiept 

et PA, which wiO infierfea tbe ParalM to tbe 

frimitive Circle P. 
4s Through the Center of tbe pibiLCtfe CMc, anl 

pdnt Py draw a Diameter. 
y. Through the Fok of the firft Diameter, and point 

P« draw a great Circle, and joa Aall have the 

Triangle BP A. 
Whofe unknown parts may be mearuied by Pra5« 7, if 

PROB. y 
Jlcfvnib Hi cff0fii€ jHgle givei^ UjM thcr^. 

E XA MPL E. 

ttaU XIV. Giren Angle 8=24^ 4om»? ?S rp*^ 
J%. IIL PA=si«d. i7«"5iJSilp. 

I. Draw an Oblique Circl^ making an Angle with 
tbe primitive,, at the point B^ oi ^^A. 40m. by 
JVafc 2. of Stereog. Pr$k 

a* With the Sem^tangent of 7)dr 40m. the Comple- 
ment of PA, one Fool bei^in the Center, draw 
a Circle parallel to tbe primidve; catting tbe Obv 
bliooe Circle ih P. 

3* Tfirough tbe Center of tbe pVimitire Circle, and 
point P, draw a Diameter, or Right Circle^ cutting 
th^ priautire Circle in A, and *tia done. 

R« Tilt 



Th0 jpaits lequifvd, tie nieafiifed bj tbe 7th tod 8cfa 

PRQB. VL 

MM JOT. Olrai B2544^C||„^ S» *• 

i« Sir- P«A )il mhitliP Ai^ S^P A^l9^& hy 

drawing the Oblviiic ChcM ^ A. 
:u FiD^tUP^i I* of dip Obligw Cu^ FA, by 

3. Through p, cne f ok, drm a grnH Ci£p]p» ^ tbajf: 



k any mkP widi th^ gxiadiive^ ai). Aofile «if 46 

a* . which will cut $be Oblique Ciwie f A^ ia. A^ 
'tis done. 



The three tilings required, i;*>, AB, BP, PA, are 
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PROJECTION 
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Oilique Sphericd Triaugfes, 
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P R O B. vir. 



^wo Sidfii% anion Angfe ofptiuu om. tfthem gi^ 
veUy u^frcfiS the Triatig/e, amlfiidikrpifi. 

Given BPzri4d. 50111.7 CP, 

t>f^t^ 30 VRcqi J*^, tfdftXXf. 
8=30 r J ?BD. Fig.Y. 

Note, That this Cafe Is Ambispous, there being two 
Anfwers, but by tftc Projciftionj you may give both. 
I, Make the AnglePBL>c::30(L 701, by Frob. 2. Cafe 2. 

by drtwiog the Obliquei Circle BD» 
a; On tht primitire Circle, lay off BP, 34<1. 5001. 
3. Drsrv^a parallel QrcTediftant from P, 9^i» 30m. 
Cutting the Obliqaa Circkin two points,, D. D* 
' 4, Tlirougb* F, and each of the points D* D* ^nw 
■ great Cirdes, and yoirhave two Triangles B P D, 
B P O, in one of which the Aiigle' D ]M aetite^ in the- 
etbex Obtufe, ^c. Th^ 



Tbeiwrti required^ any be nteaTored by M^. 7. tr 
I, of Slrrvi;^* fVok 

rno» vni- 

TBm Af^U$, m$i • SUk ifpcfu t(nm 4 Osm men, f» 
rnnia OcTfim^U, mdfndfbcfcfi. 

M XJ MPZ X. 

ri4ie XV. B=40 00 >Req<l.<PD; 

^X* '• D=50 00 3 ^P. 

I* By ffph,% ofSterttg. Prd. make the Ai^te PBD 

=to4oa^ by drawing Che Oblique Circle BP. 
3. Draw, a parallel to a Right Circle, diOam from B, 

6odeg. Cttttiittthe ObKque Circk inP, by Froh. 

9* eSStercig* rni* 
3. Through P, draw a great Cirde, ib as to i|iake 

anAi^leof ^odeg. as DP; and tis done. 
The thills required, are meafured by Frok, 7 aad 

PROP, EC. 

Tim lei$ nUb an Angle fnebukd, to profeS tie Tfia^tey 

and find tberefl. 

B XAMPLt.^ 

Giren BP=:6od. C rPD, 

Ptatt XY. . B=:4o P Rcqd. ^P, 

/«. II. PDz:87d. 30^ /o! 

1, Draw an Oblique Circle BD, making an Angle wttfa 
the primitive Circle s 40 de&* by Frob. 2JL of 
Stert^cg. Frob^ 



c n^ J 



S* Makt BPz=6odeg. and by help of the pole 
of the OUi^ue Cirde BD, make BDziS? <leg. 

3. Throagh P and D9 draw a great Circle, an4 'tis 
done* 

4. The parts feqaired, are meafurtd by Brot. 7 ani 
S^ UStcn^g. Ft eh. 



P R O & X. 



Twe Angks 4md afde mtktded ^hcn, to pr^jtS tie 
TruMgk 4mi find the rcfi. 

S XA MP L R 

fiivcti B 4Qi ^7 C POr 

P 118 oA^Eleqd. <BD, fil^e X9. 
BP <5o 10 ^ ^D. Fsg, m 

!• Make BP = 6odc^ lonu b/ P/vi. 6, G^ i« q( 

htercog' ProB. 
2« Make the Aogk B P D= 1 18 dbg, 06 mia by draw* 

ing the OUiqne Circle Pt>, and at the point B, 

nuke the Angle P3D ^ 40 deg. hy Iroh, ad. 

whi:h two Oblique Cird^ will interfeft in D, "and 

*dsdone. . 
The parts required are meafiired by Prci* 7 and 8* of 

P R O B. XL 

Thrtt fdsshting given, to frojeStheTrhmgkiMd.fMd 
the Jhtgkt. 

te X A AtP IrE.' 

Giren BP r: 6<A lom. 7 Reqd. C B, 

DP =46 11 S. rhe^ PPJtf/cXV. 
BD =r 87 30 i Angfcs I D- JRg. IV. 

On 



< 13» ) 

I. Od the priiaitifie CSmim, imke EDsB^i. ^omd 
tbegi«acerghrfnide,bj bdpofaiiae^f Chosdk 

!• Draw a ptraHel Circle at 6od ioni« diAnee from 
B, and Kkewili is aiMber it 4^ limb 4iftaoce 
from D, ctttdiM^ each other i»tbe ppint P* 

3* Through B and P, and likewife through D and P, 
draw a great Cirde and hb Aone. 

i^. That in the Tfiai^le H I K, made h^.the CtrwT 
ck's paffing through the poka oftbe fides BO, Bp, 
and DP ; H I is the meafure of the Angle B, H K 
the meafure of the Acgjle D> K I the Supplement 
4>i the meafure of the Angle P, which may be mea'- 
fiired by Br<f, 7. of stereog^ Trob. 

..# 
PH OB. XII, 

thtu jbfJes beh^ given, to make a Tri^^fy^ Mi cftifi^ 
^uently to meafure the Bfies^ 

ROLE, 
fUfe XV. . 

/ff . IV. . With the three A ^gles givep, as Tf they 
were fides, prcjed the Triangle BDP, 
TkD meafttft the iidai of tb« Triaiigle H I K> oiade 
by (Lree Arcs pailing through the poles of the fides' 
D B, B P atid D P, and you have the Aftgles of ih^ 
Triangle required ;. Irre that the gpeaieft fide is, the Sop- 
riement of the greateft Angle in the Triangle BDP> and 
OMferflMm^ oi thec^iMft fide a tbe^ Xisavgjle^fe- 
^il^: 
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